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For the Intradermic Reaction in Syphilis 


LUETIN is a suspension of killed cul- 
tures of a number of strains of the Trepo- 
tests to which LUETIN is subjected guar- 
antee a sterile and safe preparation for 
diagnostic purposes in suspected cases of 


Latent, Tertiary, Co i 
and Viscer. isceral Syphilis. 
The LUETIN is furnished in ampoules, 
ready for intradermic injection, as follows: 


Bio. 105. Cases of 5 ampoules (5 tests): 


Bio. 106. Cases of 5 ampoules (5 tests), 
with graduated syringe. 
Bio. 107. Package of | ampoule (1 test). 


Directions for use accompany each package. 


LITERATURE ON APPLICATION. 
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Detroit, Michigan. 
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OPERATIVE TREATMENT OF PERIPHERAL NERVES AFTER 
SEVERANCE, MORE PARTICULARLY AFTER LOSS OF 
SUBSTANCE—A CRITICAL REVIEW* 


By G. Cart, Huser, M.D., ANN Arpor, MICH. 


LL, available contributions relative to injuries of peripheral nerves in recent 

wars, and particularly the present war, call attention to the relatively large 
number of such injuries. This is attributed in part as due to the character of 
modern small and large arms and to a large extent to the success of modern 
surgery, by means of which the necessity for amputations is obviated and indeed 
life itself maintained. Available accounts of the Russo-Japanese War, the first 
and second Balkan Wars, to a lesser extent the Boer War, bring these facts to 
light; more particularly is this true of the present war. Bernhardt, writing 
early in 1915, states that of the approximately five hundred thousand wounded 
of the Central Powers, seven to eight thousand had received injuries to periph- 
eral nerves. Tinel, who has made use of the wealth of material collected by 
the Neurological Society of Paris, estimates that 18 to 20 per cent of the men 
wounded in the limbs have more or less important injuries to peripheral nerves 
and the percentages are higher if cases of slight trauma are eliminated. Tinel 
estimates that 60 to 70 per cent of the cases recover spontaneously, although 
in 10 to 20 per cent of these, surgical intervention would have quickened the 
process of cure. Surgical operation for the suture of a divided peripheral nerve 
or for its liberation from grip of cicatricial tissue is required in 30 to 40 per 
cent. The results of suture should be satisfactory in 85 to 88 per cent of cases 
operated upon, better if suture is applied early. (I regret to say that I have not 
been able to obtain this valuable work of Tinel. I am dependent on reviews in 


British literature. ) 


*From the Department of Anatomy, University of Michigan Medical School, Ann Arbor, Mich. 
Prepared for the Committee on Medicine and Hygiene, of the National Research Council. 
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Since injuries to peripheral nerves form so large a percentage of the war 
injuries, and since the results of such injuries are of such serious nature, all 
light which can be thrown on their probable relief and cure can not help but be 
welcomed. Cognizant of this, the writer of this report, who is not a surgeon and 
is wholly lacking in surgical and clinical experience, feels that he is justified in 
presenting observation made in laboratory experiments, especially with refer- 
ence to repair of nerves after loss of substance, in the hope that some considera- 
tions of value may be presented. This report is made then, from the viewpoint 
of the laboratory worker, and the clinical observations cited are interpreted from 
this viewpoint and not from that of the clinician. 

As is well known, the peripheral portion of a severed nerve degenerates from 
seat of injury to its termination, whether immediately sutured or not. The cen- 
tral stump degenerates to the extent of 1 cm. to 1.5 cm. The details of the 
process of degeneration need not be given here. Suffice it to say that three or 
four days after the injury, the myelin sheaths and neuraxes fragment and there 
is observed the beginning of an active proliferation of the sheath cells. During 
the following ten to fifteen days, the myelin and neuraxis segments are largely 
absorbed while the proliferating sheath cells with their protoplasm unite to form 
syncytial bands or strands of multinucleated protoplasm found in the old neuro- 
lemma sheaths. ‘These strands—Bandfasern’’—persist for many weeks even 
though the peripheral end is completely severed from its central portion. These 
“Bandfasern” do not conduct nerve impulses and have no de: onstrable trophic 
influence on the tissues innervated by the respective nerve prior to severance. 

Regeneration of the peripheral, degenerated portion is from the central un- 
injured stump. Numerous, five to ten and even more, embryonic neuraxes have 
been observed to sprout from a single central neuraxis and to grow toward the 
severed end, and if mechanical conditions are such as to admit of it, reach the 
peripheral end, to grow down in, and perhaps between, the old sheaths of the 
degenerated portion, ultimately to reach the periphery. Active outgrowth of the 
central neuraxes begins about the fifteenth to twentieth day after severance of 
the nerve. The rate of growth is estimated to be about 1 mm. to 2 mm. a day, in 
favorable cases; a fact to be borne in mind in judging of the results of opera- 
tions for repair of peripheral nerves. I believe I am justified in stating that the 
results of all the more recent work on nerve regeneration indicate a monophy- 
letic origin of regenerating neuraxes, namely, from the central uninjured stump, 
the peripheral, degenerated portion taking no active part in this process. 

Abundant experimental and clinical results are at hand warranting ex- 
pectation of favorable results after suture of severed peripheral nerves, neurotiza- 
tion of the peripheral portion taking place in the great majority of cases. This is 
a practice so well known in surgery that stress need not be given it here. Ex- 
perimental and clinical observations go to show that the results are more favor- 
able the sooner after nerve severance the suture is applied and the more care- 
fully and accurately the divided ends are sutured, and the nearer the periphery 
the injury occurs. In civil practice, the suture of nerves, either primary or 
secondary, is usually not attended with unusual difficulties, judging from reports. 
In recent wars, more especially in the present war, the results of the modern 
bullet and of artillery fire, etc., are of such a nature that the injuries to nerves 
are much more difficult of treatment. Nearly all of the articles I have had op- 
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portunity to read call attention to the difficulty and often impossibility of giving 
the necessary care to injuries of peripheral nerves at the front, owing to the 
character of the wounds, in many cases, or for other reasons. The great ma- 
jority of the cases reported, therefore, come from base hospitals and are treated 
weeks and often months after the receipt of the injury. In many cases reported 
the severed ends of nerves were so extensively involved in dense and extensive, 
often callous-like cicatrices, that resection of the nerve ends to the extent of 
several centimeters is necessitated, before the nerve ends can be freed and nor- 
mal nerve tissue is reached. Even with nerve trunks only partially cut or the 
larger nerve trunks pierced by a rifle-bullet, both of which injuries seem not un- 
common in the present war, the cicatricial tissue developing secondarily at the 
seat of injury is such as to produce, owing to contraction, either severe neu- 
ralgic pains or partial or complete destruction of the nerve involved, necessitat- 
ing neurolysis or resection of the nerve. Operative repair of nerves after loss 
of nerve substance has received especial consideration in civil practice. Abun- 
dant consideration has been given this question in recent and the present wars, 
and it is particularly to this phase of the question that I desire to draw attention, 
and again, primarily, from the viewpoint of the laboratory worker. In the 
course of this report, citations from the literature covering the earlier period of 
this war, are made. In the great majority of the cases reported, these were re- 
ported before sufficient time had elapsed to determine the ultimate result of the 
operative procedure used. The German literature, both surgical and neurologic, 
covering the period of the war to the time German publications ceased to be 
received, teems with reports of war injuries to peripheral nerves. The French 
and especially the English literature is not nearly so rich in such reports, the 
articles consisting largely of briefer accounts of small groups of cases or isolated 
cases found in society transactions and journals. The work of Tinel, French, very 
probably of great value, I have not been able to see in the original, as previously 
stated. In operations for repairs of nerves after loss of substance, attempt 
should, of course, be made to bring the severed ends in apposition for direct 
suture, so-called nerve-stretching (Schiller). Even gaps of 4 cm. to 6 cm. are 
now and then obliterated if slight tension is made on the central and peripheral 
stumps, especially with the limb placed in slight flexion or extension, depending 
on the nerve involved. Attention is called to the experimental work of Stoffel, 
who states that recognition should be given to what he terms “Nervenmechanik,”’ 
showing how different nerves are affected by limb posture. The median nerve, 
for instance, is stretched on extension of the forearm, while the ulnar nerve is 
relaxed. Stoffel has further shown that the funiculi of peripheral nerves have 
a definite course and position in peripheral nerve trunks, maintained practically 
through the extent of the nerve. Sensory and motor paths are often quite inde- 
pendent. Attempts should be made in direct suture to bring together the two 
severed ends in as nearly normal relative positions as possible, so that. down 
growing neuraxes from one funiculus are in favorable position to reach the cor- 
responding funiculus in the peripheral stump. This is said to favor regeneration. 
It may be added, however, that the necessity of such accurate approximation is 
not clearly evident as a result of experimental work. 

A number of operators recommend surrounding the nerve trunk at the seat 
of suture by means of fascial, membranous or other tubular sutures. These de- 
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vices will be considered under the heading of “Tubular Sutures” or “Tubuliza- 
tion” and to avoid reiteration are not considered here. 

Various methods have been suggested to bridge the gaps between the severed 
ends of a peripheral nerve in case there is found too much loss of nerve tissue 
to bring the ends together.and perform direct suture. These methods I shall 


consider under the following heads: 


A. Nerve flap, or neuroplastic; nerve anastomosis, or grafting; multiple 
grafting; cross suturing of nerves. 

B. Suture a distance, with catgut. 

C. Tubular suture and tubulization. 

D. Nerve transplantation. 


A. Nerve Flaps.—létiévant suggested making a flap from the central or 
peripheral stump of a divided nerve or from both the central and _ peripheral 
stumps, turning the flaps over and suturing them (Fig. 1*). From purely the- 
oretic considerations, this operation is to be condemned. The central flap de- 
generates, as do all nerve portions separated from central connections. When 


Fig. 1. 


regeneration takes place, the central end of the central flap is not in align- 
ment with the central stump and thus offers unfavorable opportunity for the 
down-growth of the central neuraxes. Should, in spite of this, neuraxes reach 
the peripheral flap, this again is not in alignment with the peripheral stump. A 
series of experimental tests of this procedure conducted by me, substantiate 
these theoretic deductions. 

This operation is now and then performed for the repair of loss of nerve 
substance in man, with variable results so far as reports are concerned. Gratz 
has recently reported nine cases in which this form of nerve plastic was made. 
The nerve flaps after suture were surrounded by layers of adipose tissue taken 
from the region of the wound. Six cases of neurolysis are included in the 
summary. Eleven cases are reported as giving favorable results. However, 
the operation is condemned as a result of experimental observations. 

In the operation of nerve anastomosis or nerve grafting it is suggested that 
the central end of the peripheral stump of a divided nerve be sutured against the 
side or into a normal accompanying nerve (Fig. 2). This operation is, of course, 
only applicable where two or more large nerve trunks are in close proximity and 


*The figures here presented, give by means of diagram, the operations detailed. In each instance 
the central stump of the supposed severed nerve is directed toward the top of the page. 
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have a nearly parallel course. This operation has had some favorable considera- 
tion in civil practice, especially among the orthopedists, in cases of paralysis due 
to central injury of a nerve supplying a group of muscles, largely leg and foot, 
or again in facial paralysis. The rather extensive literature bearing on this phase 
of the question is not here considered. On purely theoretic grounds it may be 
stated that unless the normal nerve is injured at the seat of anastomosis either by 
denuding epi- and peri-neurium or primarily or secondarily as the result of suture 
passed through the normal nerve, there is no possibility of a down-growth of 
neuraxes from the normal nerve into the anastomosed or grafted, degenerated 
stump. This my own experimental observations substantiate. Manasse has 
relatively recently reported some experiments in which the peripheral end of 
the facial nerve was anastomosed on the spinal accessory. On histologic examina- 
tion, made on tissues removed nearly a year after operation, some medullated 
nerve fibers were found in the peripheral facial. Clinically and with physiologic 
tests, evidence of regeneration of the peripheral facial was observed. One can 
only postulate that in these experiments the spinal accessory was injured at 
the place of anastomosis, very likely by means of the sutures. 


In case such a procedure is deemed necessary, the modification suggested by 


Fig. 3. Fig. 4. 


Sick-Sanger is to be recommended as presenting at least evident reasons for a 
possible success. Sick-Sanger suggests, and this was executed in a clinical case, 
that by means of a sharp knife a flap be made from the normal nerve, leaving the 
flap attached centralward and suturing its free peripheral end to the central end 
of the peripheral degenerated nerve stump (Fig. 3). There is every reason to 
suppose that the outgrowing neuraxes of the centrally attached flap will bring 
forth neurotization of the degenerated peripheral nerve. It is, of course, to be 
understood that the normal nerve is injured to the extent of the section necessary 
to form the flap, and that paralysis in the field of the cut fibers will ensue, prob- 
ably not wholly relieved by down growth of central fibers. Létiévant has further 
suggested that in case two approximately parallel nerves are cut at different 
levels, with loss of nerve substance to the extent that the respective nerve ends 
can not be sutured directly, for instance, median and ulnar or median and radial, 
the longer central stump of one nerve be sutured to the longer peripheral stump 
of the other nerve—cross-suture (Fig. 4). This procedure has been tried ex- 
perimentally with favorable result so far as concerns one nerve; the other nerve, 
of course, degenerates. Tillmann has modified this operation by anastomosing 
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the shorter ends to the longer ends after cross-suture, a modification which on 
theoretic grounds presents little of value (Fig. 5). 

Hofmeister has recently described a method which he terms “doppelte und 
mehrfache Nervenpfropfung,” used in bridging defects where one or several 
nerves of an extremity or of the brachial plexus are severed with extensive loss 
of substance (Fig. 6). He speaks enthusiastically of the method, cites 24 cases, 
in only one of which the results seem at all favorable, the rest not having been 
observed long enough to admit of determination of ultimate results. The opera- 
tion consists in making a fine slit in the normal accompanying nerye at the level 
of the central and peripheral stumps of the severed nerve. The central and peri- 
pheral ends of the central and peripheral stumps are then inserted into the slit 
previously prepared and carefully sutured in place, care being taken to suture 
only through connective tissue sheaths. If several nerves are cut at the time of 
injury, the one nearest a normal nerve is double grafted as above indicated, the 
central and peripheral stumps of other cut nerves may then in like manner be 
grafted into the central and peripheral stumps of the previously grafted nerve. 
Numerous diagrammatic figures are given elucidating the several operative pro- 


Fig. 5 


Hofmeister’s contention is not that the normal nerve into which the 


tocoled. 
severed ends of an accompanying nerve are grafted in any way assists directly 


in the neurotization of the peripheral stump. He suggests, however, that the 


normal nerve, practically uninjured through this operation, appears a very fa- 
vored medium for the down growth of central neuraxes and thus favors their ap- 
proach to the peripheral stump. He further states that flooding of the nerves 
with a solution of novocaine, 10 cm. of a 0.5 per cent solution, to which 1 drop of 
suprarenin is added, has favorable influence. It is said to cause temporary 
swelling and consequent loosening of the constituent tissues of the nerve. The 
normal nerve trunk is only temporarily affected by this. Bochard gives a case 
from civil practice in which double nerve grafting was performed. 

It is difficult to value this operation in the light of laboratory experience. A 
priori, this operation does not appear to deserve the commendation given it by its 
originator. It is possible that later reports not accessible to me, giving later de- 
tails of the operations recorded in the publication cited may give data concern- 
ing its value. If this procedure is deemed worthy of experimental test, I should 
be glad to undertake or direct such experiments. It should be understood, how- 
ever, that such experiments to be of any value would need, for each operation, 
to be carried on for at least five to six months. 
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From what has been stated, it may be observed that the procedures listed 
under this heading—nerve flaps, nerve anastomosis, nerve grafting, nerve cross- 
ing—are, from the viewpoint of the laboratory experimenter, not to be com- 
mended ; double or multiple nerve grafting as recommended by Hofmeister may 
deserve a laboratory test. 

B. Suture a Distance (Assaky).—In this procedure, which was, I believe, 
first recommended by Assaky, the gap between the ends of a severed nerve are 
bridged by catgut. Recognition is here given to the fact that regeneration of the 
peripheral end of a severed nerve depends on the outcome of a struggle between 
the down-growing neuraxes of the central stump and the developing connective 
tissue forming between the severed ends. With loss of nerve substance and an 
appreciable distance between the severed ends, the down-growing neuraxes meet 
with too much resistance and are diverted from their course before they reach 
the peripheral end. In experimental work I endeavored to obviate this by plac- 
ing between the severed ends strands of catgut in the hope that the connective 
tissue replacing the catgut threads on absorption, would constitute paths of least 
resistance along which the newly growing neuraxes might descend and thus 
reach the peripheral stump. Bundles of coarse catgut were tightly entwined with 
fine catgut threads, the ends of which were kept long enough to serve as suture 
threads. After thorough sterilization, these bundles of catgut were sutured be- 
tween the stump of a severed and resected nerve; seven experiments were per- 
formed, using the ulnar of dogs. The dogs in three of these experiments were 
kept long enough to admit of peripheral regeneration; in two of these success 
was attained. This operation has not been extensively used in surgical practice. 
The results of the surgical cases reported may be summarized as unfavorable. 
The operation does not deserve complete condemnation. It is, however, more of 
academic than practical interest. 

Muscle and tendon strips, woolen fibers, etc., have also been used for 
“suture a distance,” with unfavorable results, and need not be further discussed 
here. 

C. Tubular Suture and Tubulization—Tubular sutures, primarily used to 
preserve a pathway along which down-budding neuraxes may grow, have been 
widely, though not extensively, used in peripheral nerve surgery. In later times, 
especially in the recent wars and particularly the present war, tubulization, as 
often known, has been extensively practiced, not only to bridge gaps after loss of 
nerve substance, but also to protect the seat of suture and to ensure against in- 
terference from secondary cicatricial contraction, especially in what is known as 
“neurolysis,” the freeing of a nerve, not severed in continuity, from the effects 
of cicatricial contractions at the seat of injury, frequently referred to in litera- 
ture of recent wars and especially the present war. Numerous substances have 
been used for the purpose of tubular suture and tubulization, the aim being to 
obtain a tube which can be sterilized, is not irritant, not absorbed too readily and 
not subject to secondary contraction. 

The following substances may be enumerated as having been used for this 
purpose: 1, decalcified bone tube (Vanlair); 2, iodoform gauze and epidermis 
of man (Wolfer); 3, magnesium tubes (Payr); 4, hardened gelatin tubes 
(Lotheisen) ; 5, hardened arteries of calf (Foramitti); 6, fascia lata, with or 
without fat layer; 7, Galabith (Auerbach) ; 8, Cargile membranes (Sherren). 
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Consideration of these various devices with their several applications shall 
now be undertaken. : 

Tubular sutures by means of bone tubes as recommended by Vanlair, have 
received considerable attention both in experimental and clinical work. I have 
used it in eight experiments, ulnar of dog, in four of which the observation ex- 
tended over a period of sufficient length to admit of regeneration of the periph- 
eral end. The operation consisted of inserting the peripheral ends of a divided 
and resected nerve into the ends of a decalcified bone tube of suitable size, and 
suturing the nerve ends in place (Fig. 8). In only one of my experiments was 
partial success attained. In the other experiments the bone tubes were absorbed 
too rapidly to perform their anticipated function. Steinthal condemns tubular 
sutures as a surgical procedure as also Auffenberg, Pomeranow and others. The 
clinical reports and experiments dealing with tubular suture by means of epi- 
dermis, magnesium tubes, gelatin tubes, and nonvulcanized rubber drainage 
tubes, are more of academic than practical interest and their consideration need 
not occupy space here. 


The use of hardened arteries of the calf, for purpose of tubular suture and 
tubulization has received not a little attention. This procedure was recommended 


Fig. 7. Fig. 8. 


by Foramitti. He advocates using the carotid arteries of calves, removed at the 
time of killing, and stretching the same over glass tubes of suitable size. They 
are then fixed for 48 hours in 5 per cent formalin; washed 24 hours in water ; 
boiled 20 minutes in water and stored as is usual with catgut sutures. Arteries 
of the calf, treated in this manner, tried experimentally for tubular suture of 
nerves, proved to be nonirritating, slow of absorption, and do not undergo 
secondary contraction. This method has been rather extensively used in more 
recent surgical practice. Hashimoto and Tokuoka report its use in the Russo- 
Japanese War with favorable results. This method was further used in the First 
and Second Balkan Wars. However, the reports given are scattered and are not 
favorable for critical interpretation. Hirschel and also Grosse report on its use 
in the present war. However, these later reports were made before definite de- 
ductions could be drawn relative to its value. This method has had rather wide 
use in connection with neurolysis. Before closing the wound the freed nerve in 
the region of the cicatrix is surrounded by a hardened artery of a calf, slit 
longitudinally and sutured in place,—this with a view of preventing pressure on 
the nerve as a result of secondary contraction of the cicatricial tissue. This 
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method by reason of observations made in experimental and clinical work seems 
to me worthy of consideration. As is pointed out, the hardened vessels can be 
prepared at leisure and can be stored and kept ready for use in sterile conditions. 

Fascial sheaths, more particularly for purpose of tubulization have in recent 
years received considerable attention both in experimental and clinical work. 
Kirk and Dean Lewis, two American observers, have recently published exten- 
sive experiments on the use of fascia lata for the purpose of tubular suture and 
tubulization, with favorable results. Pieces of fascia lata of suitable size are 
placed about the ends of the resected nerve and sutured in place in such man- 
ner as to form a tube (Fig. 9). This fascial tube if properly applied does’ not 
contract nor collapse. Its lumen early fills with coagulated lymph into which 
the proliferating sheath cells grow, forming syncytial strands. The results of 
carefully conducted experiments show that this method deserves consideration, 
both for tubular sutures and tubulization after neurolysis. However, it must 
be added that this method is not original with the American experimenters. Denk 
reports concerning its use in the Balkan Wars; Doffner and Kredel, also, its 
incidental use by others, in the present war. Details of procedure vary a little 


with different operators. 


Fig. 9. 


Auerbach has recommended the use of Galabith for purposes of tubuliza- 
tion in injury to peripheral nerves. Galabith is a commercially patented prepara- 
‘tion, apparently a substance made from casein treated with formalin. Tubes 
made from Galabith are readily sterilized by boiling for 5 minutes in water 
(without alkali) which procedure at the same time softens them so that they 
may readily be cut crosswise or lengthwise. They are said to be nonirritant 
and are very slowly absorbed. The brief report given contains favorable results. 
This preparation, only recently recommended, has not been subjected to critical 
experimental tests. 

Sherren some time ago recommended the use of Cargile, fixed peritoneal 
membrane of the ox, for purpose of tubular suture. I have not seen further 
mention of its use. 

-t-jeus from this report, tubular suture and tubulization of injured 
nerve ..¢thods often combined with other procedures, such as direct nerve 
suture, neurolysis, plastic operations, and nerve transplantations. Of the methods 
and materials recommended for use, judging as an experimenter, hardened artery 
of the calf and tubes made from fascias are to be especially recommended for 
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clinical use. Fresh arteries and veins, used as auto- homo- and _ hetero-trans- 
plants, for purpose of tubular sutures and tubulization, here and there recom- 
mended, offer no advantage over fixed vessels, and present certain disadvantages, 
owing to the fact that they readily collapse, therefore, need no further mention 
here. 

Attention may yet be called to the use of celloidin tubes in the experimental 
work of Forssman, with results, so far as concerns tubular sutures, of academic 


interest only. 


D. Nerve Transplantation.—The use of segments of nerves to bridge defects 
after nerve injury with loss of substance in peripheral nerves, is familiar to the 
experimenter and the clinician, and has received extended attention by both. The 
method was suggested by Philippeaux and Vulpian and tried experimentally, 
then used by Assaky in clinical cases, and by Huber in a long series of experi- 
ments. Of 26 experiments made on the foreleg nerves of dogs, 10 were ob- 
served long enough to admit of regeneration of the peripheral stump, of which 
5 presented complete, and 4 nearly complete, return of function. Of all the 
methods used in my experimental study of bridging defects in peripheral nerves, 
those of nerve transplantation gave the most.favorable results. It has not been 
possible to review in extenso the large surgical literature having reference to 
nerve transplantation, owing to my lack of familiarity with this literature. This 
was done by R. Peterson (1899), Sherren (1906), Kilvington (1908). The 
results of clinical cases seen in reports are on the whole favorable, the more 
favorable the longer after the nerve transplantation the report was made. The 
reports, having reference to recent wars and to the present war, contain few 
references to cases of nerve transplantation, so far as the literature is accessible 
to me. 

Recent experimenters have drawn attention to the necessity of distinguish- 
ing in results obtained in nerve transplantation between such as constitute auto- 
and homo-transplants and heterotransplants. Sherren reports 50 per cent suc- 
cessful out of 8 cases of auto- and homo-transplants and 37 per cent successful 
out of 22 cases of heterotransplants. Kilvington speaks of more favorable re- 
sults in homotransplants. Forssman and again Merzbacher were the first to 
suggest the important differences between homo- and hetero-transplants. Verga, 
as also Maccabruni, believes the results to be the same whether homo- or hetero- 
transplants, are used. Ingerbigsten, who reports recently on experiments with 
reference to this question, speaks in favor of using homotransplants. The 
question of using auto- or homo-transplants of nerve segments in preference to 
heterotransplants, in clinical cases, on the basis of experimental arid clinical 
observations can be decided in favor of auto- or homo-transplants in case suit- 
able fresh nerves from man are available at the time of the projected operation, 
and it should be borne in mind, that especially in secondary operations for loss 
of nerve substance, both the time of the operation and the method used are often 
a matter of choice. It should be stated, however, that heterotransplants, trans- 
plantation of nerve segments taken from an animal of another species than the 
one to which the transplant is made, is an operation not to be wholly condemned, 
since clinical observations and experimental work both justify this operation. 
In conclusion it may be stated that both clinical and experimental observations 
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warrant the deduction that the operation of choice in cases of repair of an in- 
jured peripheral nerve, where direct suture can not be obtained, is the operation 
of nerve transplantation, especially if auto- or homo-transplants are available. 
This may be combined with tubulization by means of fascial sheaths or hardened 
arteries. Of the methods of tubular suture and tubulization, hardened arteries 
and tubes of fascia are to be given preference. Experimental observations with 
other methods do not warrant their recommendation. Concerning the use of 
Galabith I know of no experimental observations. The same may be stated con- 
cerning the method of double or multiple grafting suggested by Hofmeister. 
The literature cited, only the more pertinent of that reviewed, contains cita- 
tions, especially with reference to nerve suture as observed in the present war, 
many of which deserve study by clinicians, more particularly neurologists, with 
reference to diagnosis and after-treatment, for which my own work has not given 
the necessary training, to present a critical review. 
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WAR DEAFNESS AND ITS PREVENTION—A CRITICAL REVIEW* 


By Stacy R. Guitp, ANN Arpor, MICH. 


AR deafness is of importance from at least four standpoints: (1) trained 

men are incapacitated for service for shorter or longer periods and must 
frequently be discharged; (2) the handling of them takes the time of doctors, 
nurses, and equipment which would otherwise be available for other work; 
(3) the victims are handicapped in later social and industrial life; and (4) they 
become eligible for pensions of larger size. These are all economic reasons, and 
do not take into account at all the policy of the State to do all in its power to 
protect its soldiers from unnecessary hardships. The consideration of war deaf- 
ness and its prevention is therefore of interest to the nation and to the world 
at this time. 

In previous wars the cases of deafness have for the most part been con- 
fined to the artillery and the navy, where the proximity of large caliber guns 
when fired gives rise to great air disturbances. Until the present conflict, the 
ammunition, other than small-arm projectiles, most used against troops has 
been shrapnel, and this normally explodes at a distance too great to inflict dain- 
age to the ear by air pressure changes. Also the bursting charge of shrapnel is 
small. But in the present war the increased use of high explosive shells and 
hand grenades, which explode on or in the ground, has put infantry in a posi- 
tion where the excessive noises and air pressure changes are greater than with 
the men serving large guns, except when they are also under hostile fire, or 
when they are too near the muzzle of a gun. According to Friedlander, in the 
Franco-Prussian War there were only 12 cases of indirect injury to the hearing 
in the Prussian army; in the Russo-Japanese War only 101 cases were reported 
on the Japanese side. Friedlander’s figures must be for the Japanese army only, 
since Suzukit reported 116 cases in the navy alone. In the present war no 
statistics are yet available, but a review of the literature in which cases are 
reported by English, French, Italian and German physicians, indicates that the 
cases are to be finally counted in tens and even hundreds of thousands, since 
many of these men have seen hundreds and even thousands during the first year 
of the war or during some shorter period which their report covers. These re- 
ports deal fully with differential diagnosis of the various types of disturbance, 
the treatment of each, and the prognosis; but in most cases nothing at all is 
said about preventive measures, and when it is mentioned it is usually only a 
paragraph or less of a very general nature. It would add to the value of these 
clinical reports if they included a statement as to the use or nonuse of prophy- 
lactic measures in injured cases and as to the measure used. It is the purpose 
of this paper to deal primarily with prevention, so these clinical papers will 
not be referred to in detail. It suffices to say that they are numerous already and 
new ones appear every month. This, together with the fact that so many devices 

*From the Department of Anatomy, University of Michigan Medical School, Ann Arbor, Mich. 
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have been suggested and are at present in use, and the further fact that most 
men seem to use nothing, simply means that no satisfactory preventive measure 
is recognized and made available. An editorial writer in the British Medical 
Journal of March 24, 1917, states that “at a recent meeting in Germany, at 
which concussion wounds of the tympanum were discussed, it was authoritatively 
stated that no satisfactory device had yet been found to prevent this and allied 
injuries.” The authority for the statement is not given; if correct, the Germans 
are also still searching for a prophylactic measure. 

Indirect injuries to the ear in war are divided into two groups: (1) those 
that are due to the continual noise and are gradual in development; and (2) 
those that are caused by a single detonation. ‘Noise deafness” or “gun deat- 
ness” of gradual development is undoubtedly the same condition as “professional 
deafness” of boiler-makers and others working in noisy trades, and the pre- 
venting of these cumulative injuries by the use of any device that permits con- 
versational sounds to pass seems improbable, though probably the degenerative 
changes of the cochlear parts would be rendered more gradual. Complete cut- 
ting out of the sound waves is out of the question with troops, for it is necessary 
to have the hearing of orders as little interfered.with as possible. But the sudden 
injuries due to high air pressure, rather than to sound waves, are theoretically 
preventable; and it is this group of injuries and means for preventing their 
occurrence that will be especially considered. 

Detonation effects on the ear may be divided into three groups: (1) rup- 
ture of the tympanic membrane, (2) organic disturbances of the labyrinth, and 
(3) functional disorders, probably of the central nervous system. ‘The numerous 
clinical reports agree that each of these may occur alone or in combination with 
one or both of the others. 

The rupture of the tympanic membrane is due directly to the difference in 
air pressure on the two surfaces of the membrane; since the eustachian tube 
is not normally open except during the swallowing act, the air in the middle ear 
remains at normal pressure while that in the external meatus may be increased 
to twice normal or more by an explosion. Wilson makes the statement, on what 
authority he does not say, that the air pressure in the vicinity of exploding 
shells is frequently raised 10,000 kilos per square meter. This, when reduced 
to units we are accustomed to use in considering gas pressures, is equal to 73.5 
cm. of mercury; and is, in round figures, equivalent to doubling the pressure on 
one surface of the membrane. That this much pressure is sufficient to cause the 
rupture of even normal membranes is evident from the experiments of Zalewski, 
who has shown that there is a considerable range of variation in apparently nor- 
mal membranes. He secured 232 temporal bones at autopsy; of these, 112 
showed apparently normal membranes. With air pressure gradually raised he 
found the average bursting pressure to be 120.9 cm. of mercury, but some (10.8 
per cent) burst at less than one atmosphere (76 cm. Hg.). Twelve membranes 
with thin spots ruptured at an average pressure of 42.83 cm. Hg., and twelve 
membranes with scars, at 22.08 cm. Hg. In 20 cases of acute infection of the 
middle ear the average pressure required to burst the tympanic membrane was 
78.55 cm. Hg. Even if no allowance is made for the possible difference in 
bursting pressure required when suddenly applied by detonation as compared to 
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the gradual increase of pressure used in the experinients, it is seen that in an 
average group of men there are many with membranes that will burst at pres- 
sures produced in the neighborhood of a bursting shell. It is certainly not 
feasible to eliminate from the army all those with tympanic membrane defects, 
and even if this were done, it would not stop all of the rupturing of tympanic 
membranes. The perforations are almost invariably in the pars tensa and usually 
in the lower part. With modern technic the treatment required to secure a healed 
membrane with perfect restoration of function is readily given, and the prognosis 
is good if infection of the middle ear can be avoided. Unfortunately in the dirt 
and filth of combat life, this infection frequently occurs, with the resultant in- 
juries; and in all cases, infected or not, the individual is of necessity incapacitated 
for duty for a considerable period of time, and requires services of the medical 
corps, usually already overworked. 

The organic injuries of the labyrinth by detonations are fairly well known 
since the work of Wittmaack (1907) and those who have modified his methods. 
While in these experiments with animals Wittmaack, Yoshii, and Hoessli all 
used small firearms, the effects on the ear are doubtless similar to those that 
would be produced by large guns and by shells, for they compensated by work- 
ing at short distances. Recently Prenant and Castex (1916) placed animals 
in cages near cannons at Fountainebleau. ‘That these animals were subjected to 
conditions of the type which cause gradual changes rather than the type causing 
detonation effects is evident from the fact that in no case was the tympanic 
membrane ruptured or the mucous membrane of the middle ear inflamed. They 
found extensive cochlear lesions of the type to be expected from previous work 
in this line, though they make no reference to other work and apparently con- 
sider the experimental causation of such injuries a new thing. Yoshii (1909) has 
made the most extensive study of the effects of detonations on the inner ear, 
using a revolver fired near the animals. He used two series of guinea pigs. With 
one series only one detonation was given, after which animals were killed at 
once and after 2, 3, 8, 25, 45, and 60 days. The other series were exposed to 
detonations daily and animals were killed after 3, 5, 15, 20, 25, and 30 days. 
It is the once exposed animals that are of most interest here; and for presenting 
the nature of the injuries to the inner ear caused by detonations rather extensive 
quotations from Yoshii’s* reports will be used. The injuries are doubtless similar 
in man. 

“Pathologic changes occur simultaneously in all parts of the organ of Corti. 
The outer and inner hair cells are greatly swollen, they have lost their character- 
istic form and structure and are in part loosened from their support. The nuclei 
are pushed upwards and frequently are broken into small fragments. Also the 
Deiters’ cells lose their structure and become changed into a homogeneous mass. 
Their supporting fibrils perish. The pillars remain but become bent and appear 
only indistinctly. ‘The narrowed tunnel space is filled with a homogeneous mass, 
which stains faintly with eosin, hence appears like extravasated cell contents. 
Nuel’s space and the outer tunnel space are no longer present; the cells of Hen- 
sen are deformed, flattened out. Frequently a great space is found between the 
loosened hair cells and the curve of the cells of Hensen. 


*Translation, page 228 ff. 
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“These changes are all found immediately after the first shot and reach 
their height after two to three days. Then a regeneration process sets in slowly. 
Thus we find the organ of Corti already somewhat improved: in the animals killed 
8 days after the shooting. First the bent pillars straighten out and are recog- 
nized clearly. The hyaline mass in the tunnel is resorbed, and the space itself 
restored. The hair cells, Deiters’ cells and their supporting fibers are not clearly 
differentiated yet in this stage of repair. The healing process does not proceed 
in all turns evenly, while the basal turn already shows a bettered condition, in 
the other turns are found yet evident disturbances. 

“In after days the regeneration process proceeds further, the cells of the 
sulcus spiralis externus and internus and the cells of Hensen take their previous 
form. The restoration of the hair cells and the Deiters’ cells seems to be accom- 
plished only very slowly and incompletely; for the animals killed 60 days after 
the shooting showed only in the basal turn the hair cells and Deiters’ cells in an 
improved, but nevertheless not fully normal condition, while in the remaining 
turns clearly differentiated hair cells and Deiters’ cells can not yet be demon- 
strated.” 

Yoshii further states that with repeated shooting day after day the de- 
generation proceeded until Corti’s organ was replaced by a flat epithelium, as 
in any noise deafness and in animals exposed for a long time to a single note. 
This severe change was limited to the region of the transition of the basal to the 
second turn. The tectorial membrane also was changed in position and struc- 
ture. The stria vascularis showed minor changes. In cases killed at once after 
the single shot, blood corpuscles and free hemoglobin were found in the peri- 
lymphatic spaces. This was resorbed in time. The epithelium of the maculae 
and cristae acusticae showed a slight swelling. The ganglion cells of the spiral 
ganglion and the nerve fibers of the same undergo very severe alterations, but 
in the single detonation cases the ganglion cells had at the end of 60 days returned 


to a nearly normal condition. In the repeated shooting cases, as in noise deaf- 


ness, they completely disintegrate. 

From the above description of the changes that occur it is very easy to 
understand the typical clinical picture, with gradual improvement to certain 
sounds and even to all but with permanent hearing defects in many cases. From 
the nature of the lesion produced, it is evident that the only remedy is prevention, 
for we can not cure it. 

As to the nature of the changes in the “functional deafness” cases, very 
iittle is known. The hypothesis advanced by Wilson (1917) is interesting, but 
he claims no proof for it. So here again prevention is the best remedy. 

As stated before, all three of these types of injuries may occur together, 
or any two together, or only one. The organic lesions of the cochlea are the 
most common, and the general impression of the clinicians is that the labyrinth 
injury is less in those cases in which the tympanic membrane ruptures than in 
those in which it remains intact and so transmits the full force of the concussion 


to the labyrinth. 

The factor causing the tympanic membrane rupture is certainly the increased 
air pressure; and the most probable cause of the other two types of injury is 
the same, but a few workers have maintained that bone conduction of vibra- 
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tions from the ground or other support of the body to the internal ear is necessary 
to cause labyrinth injury. For this reason it is necessary to sift this evidence, 
for preventive measures to be effective must be suited to the etiologic factor. 
The experiments of Wittmaack (1907) on guinea pigs furnish the chief 
support for the bone conduction theory. This worker at first employed a con- 
tinuously sounding electric bell placed in the cage near the animals, and killed 
them at intervals of from 5 to 60 days. The results were negative. He then 
connected the bell in such a way that the clapper caused the sheet iron base 


of the cage to vibrate, as well as producing air vibrations, and thus submitted 


the animals to a combined air and bone conduction. ‘The cochleze of the animals 


of this series showed very marked injuries to the nervous elements and to the 


The animals were so affected by the continuous vibration of 


organ of Corti. 
Accordingly ex- 


the cage that the experiment was forced to end after 16 days. 
periments were made in which the sound was maintained from 10 to 14 hours 
daily, and in these series the general health of the animals remained good and 


Characteristic degenerative changes were found in 


they even gained in weight. 
Wittmaack 


the spiral ganglion cells, the nerve fibers and the organ of Corti. 
concludes from these experiments that bone conduction is essential to the injury 
of the labyrinth by sound waves. In 1909 von Eicken reported experiments on 
guinea pigs with the incus removed on one side by operation, so that one side 
retained normal conduction and the other mainly bone conduction. Part of 
these animals were submitted to the action of a c organ pipe, others to a g pipe. 
The cochlez of the c animals were negative on both sides; those of the g animals 
showed degenerative changes on the normal side in a circumscribed area, while 
the operated side remained normal. In 1911 von Eicken presented further evi- 
dence of the same nature. Hoessli (1912) combined the use of guinea pigs with 
the incus removed on one side with the use of a specially constructed apparatus 
designed to duplicate as nearly as possible the working conditions of boiler- 
makers. The animals stood on the inside of a section of large iron pipe which 
was struck by hammers operated by machinery. Thus both air and bone conduc- 
tion factors were present. Hoessli found that injuries to the cochlea are con- 
stant where normal middle ear parts are present and just as constantly the side 
with the broken middle ear chain remains normal. As controls, animals with 
both ears normal and ones with the incus removed on both sides were employed. 
In 1913 Hoessli reported further work with similarly operated animals which 
had been placed on a felt pad in the tube as a test of the prophylactic measures 
recommended by the Wittmaack group of workers. He found that the results 
were the same as when the animals stood directly on the vibrating pipe; ears 
with normal middle ear apparatus received injuries to the cochlear parts, those 
with the incus removed were not injured. He thus advanced strong argumeuts 
against bone conduction being essential to injury. Previous to the work of 
Hoessli, Friedrich (1907) reported on the testing of the hearing of 19 naval 
officers; he found an average injury greater than Miiller (1899) did with foot 
artillery officers, and on the basis of Wittmaack’s newly reported experiments 
he concludes that the vibration of the frame of the ship is responsible for the 
greater injury in the case of the naval men, and recommends some form of 
padding to deaden the conduction of the vibrations of the ship to the bodies of 
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the men. Jaehne (1911) investigated clinically the hearing ability of 61 artillery 
officers of several years’ service, and found injuries to about 70 per cent of 
them. On the basis of Wittmaack’s experiments and of the positions of the men 
with various duties and the average injury to each group he concludes that bone 
conduction, rather than air conduction, is the injurious factor. Friedlander 
(1915), on the basis of Hoessli’s experiments and his own clinical experience, 
concludes that air conduction is the injurious route. Bogdanoff-Berezovski* 
(1914) criticizes Hoessli for transferring the results of his continuous sound 
experiments on animals with the incus removed to detonations on the normal 
ear, and argues that bone conduction may be very different than with less im 
tense sounds, but he brings forth no proof for his opinion. However, consider- 
ing the whole question of prevention open, he says he asked a physician in the 
navy, A. A. Miasoédov, to undertake experiments with troops on ships, and he 
says the work is under the immediate supervision of N. P. Simonovski and that 
the greater part is finished and there is left only to wait for the conclusions on 
working out regular preventive means.t Siebenmann (1915), in whose labora- 
tory at Basel Yoshii and Hoessli worked, in a review of the experimental work 
on sound injuries of the ear, concludes that the use of felt pads, padded shoes 
and rubber gloves for protection on the basis of bone conduction, is of no avail. 

Hoessli’s work at least proves that bone conduction alone is not injurious 
as soon as the normal arrangement is. He also tried plugging the external 
meatus of guinea pigs to exclude air conduction that way; but ail of his cases 
developed an infection of the middle ear, which renders the results of little value, 
though they were negative in all cases that were plugged. The plugs were worn 
continuously and fastened in with glue to keep the animals from scratching them 
out; this continual use was probably a factor in the infections. Other plugging 
experiments of Hoessli will be referred to later. Attention should be called to 
the fact that the experimental work mentioned has really been on injurious 
sounds which cause gradual, not sudden, changes. In all of the experimental 
work in which detonations have been used, normal middle ear parts have been 
present, and no evidence has been found that indicates that bone conduction 
plays an important part in producing detonation deafness, though the general 
body shaking it in itself unpleasant. The conclusion must be that the evidence 
at hand clearly indicates that the search for a prophylactic measure to prevent 
detonation deafness must be directed toward the prevention of injurious air 
conduction. 

The more severe systemic reactions. known as “shell shock” are also due to 
the high air pressure in the vicinity of an exploding shell and in the most severe 
form the result is instantaneous death, with no external lesion at all. Examina- 
tion of the tissues from these cases has shown the existence of microscopic 
hemorrhages, especially in the central nervous system and the kidneys; and in 
the nonfatal cases bloody urine is a frequently recorded observation, together 
with a high albumin content of the cerebrospinal fluid. Recent work also indi- 
cates a secondary suppression of the adrenal secretion as responsible for some 


*I desire to thank here Prof. C. L. Meader of this University for his kindness in translating this 


Russian article. 
tI have looked in vain for any mention of this work mentioned as being nearly ready for pub- 
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of the later symptoms. ‘These more severe effects of detonations are mentioned 
here in this general way in order to indicate how they differ from the deaf- 
ness effects, and to point out that from the very nature of the lesions .the 
prophylactic measures for the ear parts can not be expected to have any bene- 
ficial action in preventing these other injuries. 

Opening the mouth during the discharge has been a common practice for 
a long time with men handling large guns. It is based on the idea of permitting 
the pressure on both sides of the tympanic membrane to remain equal, but at 
best it is only partially successful, because of the relative size of the external 
meatus and the eustachian tube and the fact that the pressure changes are 
sudden, not gradual as in caisson work. In many cases the eustachian tube is 
not patent even during swallowing, owing to chronic or acute inflammation of 
the nasopharynx and tube. Many men chew something in order to aid in open- 
ing the tube when wanted, but both in practice and in theory this method is 
lacking; and for troops under fire it is entirely useless, since the time of a dan- 
gerously near shell explosion can not be anticipated and prepared for as the 
gunner can prepare for the discharge of a gun. 

Placing the finger tips in the ears is also a common practice; but for the 
above reason of unexpectedness of danger is of little avail; also, soldiers in 
combat have other uses for their fingers. It has further the danger of infec- 
tion of the ears from dirty fingers, but it is a practice which will be frequently 
used as long as no other protection is provided. Many writers have discussed 
both of the above mentioned measures; they are not referred to separately; all 
agree in the futility of the procedures. 

The use of cotton to plug the meatus is the most common procedure of all. 
It has the advantage of being cheap, usually available, is easily placed and the 
degree of occlusion may be varied by the firmness of the packing. The con- 
sensus of opinion among medical men for some years has been that dry, air- 
containing cotton is of little use; when wet so as to fill the air spaces it is of 
value if placed firmly, and it is used with various oils as a means of filling the 
spaces. No statements have been found on observations from any source as to 
the relative effectiveness of the various ways of soaking the cotton used; this, 
doubtless, has a large personal element in it, depending on the firmness of the 
packing and the thoroughness of the removal of the air by careful soaking and 
placing of the plug. Hoessli (1912), in the course of other experiments, stopped 
the ears of two guinea pigs with wet cotton and fired a heavy revolver five times 
in rapid succession about 30 cm. above the animals. In one animal no changes 
occurred in the inner or middle ear of either side, in the other animal the left 
ear showed traumatic effects which Hoessli thinks were probably due to the 
animal having succeeded in partially scratching out the cotton, so that the oc- 
clusion was not perfect. In control animals without protection there was a 
crushing of the organ of Corti in the lower part of the second turn of the 
cochlea, with the outer hair cells and Deiters’ cells entirely destroyed. The 
animals were killed 24 hours after the exposure. Hoessli then used four cats in 
a similar experiment, stopping the left ear of each with wet cotton, and to pre- 
vent the scratching at the plugs he narcotized the animals, then shot the revolver 
five times at a distance of 25 cm. from the heads of the animals. He killed them 
after 24 hours and found the left ears normal in all cases, while the right ears 
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in three cases showed positive, though slight, changes; the fourth case had a 
normal right ear. MHoessli considers that for cotton to be effective it must 
have the air spaces filled and must be tightly packed, and he considers the lack 
of protection afforded in the army use of it, based on the reports of Miller, 
Friedrich, and Jaehne, especially, to be due to the use of lightly packed air- 
containing cotton. Friedrich’s report has already been given. Miiller (1899) 
examined the ears of 51 men before and after shooting practice with 9, 12, and 
15 cm. guns, from 50 to 90 shots being fired. Miiller says that he wanted to have 
a comparison of the effects with and without cotton, but could not because of 
the strict enforcement of the German army regulations requiring artillery men 
to use cotton plugs during the firing of guns. His examinations were made 
immediately after the shooting, so, doubtless, many of the effects observed were 
only temporary ; but he states that while all the men used cotton and stayed back 
from the guns a distance of 3 to 5 meters during the discharges, 44 of the 96 
ears examined showed injuries of greater or less degree, though none severe 
enough to incapacitate for work. He says that the post physician, Grassner, 
credits the rarity of tympanic membrane ruptures among the artillerymen in 
recent years (preceding 1899) to the enforced use of cotton; he had only one 
case the year before. Jaehne’s (1911) report.on the injuries to the hearing in 
a group of 61 artillery officers, these being all the officers of a regiment, irrespec- 
tive of whether they thought they had been affected or not, includes a comparison 
of the use and nonuse of cotton plugs, and is alone in that respect among clini- 
cal papers.” He states that he does not find the regulation obeyed; of the 61 
officers, only 24 claimed to have used cotton regularly, 32 had used it irregularly, 
and 5 said that they never used it. Of the 24 who used cotton regularly, 20 had 
injured hearing and 4 were normal. Of the 37 who used cotton irregularly or 
not at all, 22 showed injuries and 15 had normal hearing. Jaehne thinks that 
cotton does afford a degree of protection to detonations, but does not influence 
the course of labyrinth injuries of the gradual type. He thinks that this is 
probably due to bone conduction, for the reasons already given. As previously 
pointed out, he really was dealing with the effects of repeated sounds, not heavy 
detonations ; and in his summary, while stressing the use of some nonconducting 
material between the body and the source of sound, he recommends retaining 
the use of cotton because of the danger of being near the muzzle accidentally. 
Friedlander, (1915), in a long clinical report and discussion, favors the use 
of cotton with oil, glycerin, or.vaseline; but says it renders one very hard of 
hearing. Lannois and Chavanne (1915), in a single sentence in a clinical article, 
say that they consider cotton to be the only practical measure in campaign, but 
admit that it is not perfect. Bogdanoff-Berezovski (1914) in his conclusions 
says that while awaiting the report of Miasoédov the use of both vaselined cotton 
in the ears and of pads of nonconducting material on the shoes is to be recom- 
‘mended. Siebenmann (1915) thinks that the real protection is afforded by the 
plugging of the ear with an air-free mass, such as oil-saturated cotton or some 
form of antiphon. He specifies no particular kind of antiphon, and, as this 
word is generally used loosely to refer to any device for deadening sound, his 
meaning is not clear except as to the cotton. Wicart (1916) recommends stop- 
ping the ear with cotton soaked with glycerin and then covering the whole mas- 
toid region and the external ear with cotton. He states that all his cases of 
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more than temporary injury had previous ear trouble, but the majority of clinical 
reports do not support this view. Based on this idea he further recommends 
that until the military examination weeds out at the recruiting office all with 
any ear trouble history, glycerin be put in the external meatus daily and cotton 
only at the time of combat, the glycerin serving to keep the cerumen soft and 
to minimize the inflammations that develop. He also recommends daily throat 
disinfection. There are many more references to the use of cotton, but they 
bring out no points not already made, so will not be mentioned separately. Cot- 
ton mixed with plasticine as used in the British Navy comes under the head of 
plastic obturators and will be considered there. 

Solid obturators of many shapes and materials have been made. Some are 
placed in the external meatus, others are held against the orifice by special devices 
fitting in the folds of the pinna. Luzzati (1916) raised two objections to all solid 
obturators: (1) the hardness of the material irritates the skin and causes in- 
flammations and even eczema, and (2) they project and so may become the 
source of severe injury to the wearer when he is thrown or falls against a wall 
or on the ground, and the playfulness of companions who poke them also is a 
source of injury. To these objections of Luzzati I would add a third; in combat 
bullets passing through the outer end of the meatus or grazing it and wounding 
only the pinna, causing only slight wounds in themselves, would cause much 
more severe wounds if a solid obturator were present to fracture and form sec- 
ondary projectiles. This is not an unexistent danger, for direct wounds of the 
external ear are frequent in this trench warfare. Solid obturators will not be 
taken up further because the objections to them are too great in comparison 
with other measures. ; 

Of the various mechanical devices which have been patented, only a few 
are suitable for military purposes. The Elliott “Ear Drum Protector,” in both 
the original form patented in 1904 and in the modified form patented in 1912, 
has been purchased and used by many naval and artillery officers and men, both 
in this country and in foreign countries. In the type now manufactured the 
essential principle is that of a double diaphragm with a tube in the center pass- 
ing through and supporting both diaphragms, with a narrow air passage in the 
tube that has openings between the spaced diaphragms and at the inner end, 
designed to permit slow changes of the air pressure, but not large enough to per- 
mit of raising the air pressure rapidly enough to be dangerous during the brief 
time a detonation lasts. While, of course, it interferes with hearing, it transmits 
orders and conversational sounds sufficiently well. Considering the length of 
time it has been used, it is odd that so little is to be found concerning its efficiency. 
The only report of it in use that was found is that of Dunbar (1913), who, in 
an article on naval sanitation in general, devotes a paragraph to gun deafness 
and says in part: “Several appliances designed to break the force of the con- 
cussion on the tympanic membrane have been tried, and while the Elliott ear 
protector is not entirely satisfactory, it has proved the best so far tried.” The 
Mallock-Armstrong “Ear Defender” is a mechanical device invented by Mallock 
for his personal use about 1895. The U. S. Patent Office Gazette records that 
it was patented in this country Aug. 3, 1915 (application filed Feb. 12, 1915) 
so it appears that until this war it was not exploited or used much. A descrip- 
tion was published in the Lancet of Dec. 26, 1914, and in the British Medical 
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Journal of Jan. 2, 1915. It consists of an ebonite cylinder made in four sizes 
with a larger outer end in which is fitted a diaphragm of thin metal and on either 
side of this is heavy metal gauze, these gauzes being spaced from the diaphragm 
a short distance. The diaphragm movements for ordinary sounds are small 
and so it hinders them only slightly, but large excursions of the diaphragm due 
to great air pressure changes are prevented by the gauze backings. The theory 
is good, the drawbacks are those already mentioned as common to all hard ob- 
turators, given in the preceding paragraph. The first objection can be overcome, 
I believe, by using smaller tubes and covering them with a wax layer that is 
moldable at ordinary temperatures, so that the meatus can be closed effectually 
without having the plug fit so tightly as to be irritating. Another objection com- 
mon to both of the mechanical devices mentioned is the price; the Elliott pro- 
tectors retail for one dollar a pair, the Mallock instrument for three shillings, in 
London. Friedlander’s only reference to the Elliott device is that its cost pro- 
hibits its use in the ranks. Doubtless both types would sell for much less if pro- 
duced in quantities sufficient for a whole army. From the structure of the Mal- 
lock defender I think they would not last very long in field service; dirt would 
clog up the gauze and this would get bent and come in contact with the diaphragm 
and would soon fail to transmit ordinary sounds clearly, and so would not be 
used by the soldier. A continual supply of new ones would be required to re- 
place old ones; this would be an important cost item. From their structure 
the Elliott instruments would seem less liable to get out of order, and if the 
small canal did get stopped with dirt it would be cleaned and used again. Only 
one reference to the Mallock instrument in use has been found; that is in. the 
form of a letter to the British Medical Journal by Abercrombie, who quotes 
from a letter received from a relative who was an artillery officer. The quota- 
tion is a very enthusiastic endorsement after personal use; apparently several 
officers in his command had them. The Frank “Ear Stopple” is mentioned by 
Dunbar as having been recommended for use in diving and swimming, which is 
its intended use, and also for reducing concussion due to gun fire. The devices 
were patented in 1908 and consist of a soft rubber tube with an outer flange and 
closed at the inner end by a thin diaphragm of rubber. The diaphragm is not 
heavy enough to resist the air pressure changes of concussion sufficiently to pro- 
tect the ear, and as at present made it would seem impossible to modify them so 
as to suit the need. Eysell* has described a small plug containing “a cavity 
guarded by a metal valve, which transmits ordinary sounds but closes automati- 
cally when the atmospheric pressure is raised by explosions.” No report is made 
of its effectiveness in actual use. There have been several complicated plug 
arrangements described and patented, but the ones mentioned are the only ones 
at all suited to military purposes, though the others may be useful in complete 


exclusion of sounds. 
Plastic obturators have been made of various wax mixtures, and these are, 


in my opinion, the most satisfactory of all the devices. A plug made of a ma- 
terial that is soft enough at ordinary temperatures to conform exactly to the 
shape of the meatus closes the passage perfectly without fitting so tight as to 


*This article appeared in the Miinchener medicinische Wochenschrift, which has not been received 
at the library here for over a year. i 
Journal of March 24, 1917. 


The statement made is based on an editorial in the British Medical 
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irritate, and if the consistency of the mixture be right it is yet rigid enough to 
transmit the sound vibrations and at the same time firm enough to resist suc- 
cessfully the great pressure changes of the air during detonations. And it has 
the further advantage of being possible to render it antiseptic by the addition of 
suitable elements to the mixture. Furthermore, a bullet passing through the 
region of the plug will not shatter it and form more projectiles of the protective 
instrument itself, as with solid obturators, but will penetrate evenly as in soft 
tissues of the body, and if the plug has been impregnated with an antiseptic the 
pieces carried into the wound are not in themselves a source of infection. The 
sritish navy has for several years recommended a mixture of plasticine with 
cotton, and the Lancet of May 6, 1911, reports the First Lord of the Admiralty, 
Mr. McKenna, as saying, “Tests have been carried out on various preventives, 
but opinions differ very widely as to their relative efficiency. An ear paste is 
already prepared and is issued when demanded.” No reports on its efficiency 
have been found, but it can not have been entirely satisfactory, or the British 
would not still be trying other things. In the Lancet of Aug. 15, 1914, two 
weeks after the war began, Horne stated the requirements of an efficient ear 
plug, and said that what had been used for some time was of the consistency 
of jeweler’s wax and not antiseptic. He probably refers to the paste above men- 
tioned. In a letter in the Lancet of the following week, Aug. 22, 1914, Horne 
states that a Mr. F. Rogers, of 327 Oxford Street, London, W., has produced a 
plug meeting the requirements that he set up in his article, but he does not de- 
scribe it. An article in the British Medical Journal of Jan. 23, 1915, states that 
samples received from Rogers were “composed of plastic materials held to- 
gether by some fiber, and the mass impregnated with antiseptics.’”’ The state- 
ment is also made that “conversation is not much interfered with”; and that they 
do not prevent conversation on the telephone, an essential point for the military 
officer. In an editorial in the British Medical Journal of Jan. 2, 1915, it was 
stated that “so far as we have been able to test them, and the tests have been 
conducted not only on civilians, but also upon soldiers from the trenches, the 
plastic ear plugs afford more protection than the Mallock-Armstrong Ear De- 
fender against very loud and sudden sounds.” The price is given as one shilling 
per pair, postage extra; this is also an advantage in their favor. The Italian 
Navy, according to Luzzati (1916), has adopted a plastic obturator, after test- 
ing out with men on a ship during target practice in 1915. Following the sug- 
gestion of Rho (July, 1915) that a wax mixture would be best, Gianturco (Au- 
gust, 1915), a pharmacist, made mixtures of wax, paraffin, almond oil, turpen- 
tine, and other things, in varied proportions. He obtained mixtures of wax, 
paraffin and almond oil that soften at suitable temperatures for both winter and 
summer work.* The mixture, finally made use of, because of the scarcity and 
cost of the low melting point paraffin needed for Gianturco’s best mixtures, is 
given in a note by Rho as being yellow wax with 36.4 per cent 6f liquid vaseline. 
This mixture is placed in cone-shaped gauze bags, and Rho said that the work 
was to be done at the Pharmacy of the Naval Hospital in Spezia by women of 
the civil mobilization. There is no mention made of antiseptics being added. 


*A comment of Gianturco on mixtures containing turpentine is worth repeating for the benefit of 
any who may try these things; he found it too volatile; it. evaporates and lets the wax harden in lumps; 
and he also was not successful in overcoming the irritation it produced on the skin of the meatus. 
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Luzzati says that the officers and men who used them during the target practice 
found that they gave adequate protection against the painful effects of firing, and 
did not interfere greatly with hearing orders. Gianturco gave the cost of the 
mixture he recommended at 4 lire per kilo, and as Rho substituted a cheaper 
mixture, the biggest item here is the handling in filling the gauze sacks. The 
number that can be made from a kilo of material is not given, but these are 
certainly the cheapest of all the specially prepared plugs. Friedmann (1909) 
describes a plug made by Kiippers, consisting of a sphere of wax modeled around 
a twisted silver wire with a projecting loop large enough to prevent it from get- 
ting in too deep, and useful also in grasping to remove the plug. Halle (1913) 
described an “antiphon” made by dipping a piece of cotton in melted paraffin and 
letting it cool, the string to be used in removing the plug. The conical plugs of 
Rogers and of Rho have the large end out enough to be grasped by the finger 
tips for withdrawal. The gauze container of the Italian type is a valuable idea, 
as it overcomes one of the objections raised to the others; namely, the danger 
from broken-off pieces remaining in the canal and acting as an irritant. 

In the preparation of this review access has not been had to the military 

records of this or other countries, and it is very possible that these records con- 

tain reports of tests which indicate definitely some prophylactic as being the 
best. If so, it is to be hoped that the proper officials will utilize such knowledge 
while it can be of the most service. 

I realize fully how unsatisfactory the conclusions to be drawn from this 
review are; the need of more work is evident. Especially needed are reports by 
those handling wounded at the front as to the kind of preventive used by those 
injured and the injury received while using; and these reports will be more 
valuable if the percentage of injured of all those using each different type can 
be determined. But while gathering and digesting the papers here presented and 
the clinical papers not given, a few convictions have been formed which I wish 
to add to this review. In the first place, the issuance and compulsory use of 
some preventive, even if it be nothing more than cotton with vaseline, is in the 
interests of efficiency in the army; and, as stated in the first part of this com- 
munication, of economic importance. In this war of attrition, even such small 
things as ear plugs are of importance if they can serve to keep trained men in 
active service. Shall we refuse to use what is at hand because it is not the per- 
fect preventive yet to be found? Certainly we should not continue to leave to 
the individual soldier, uninformed in this matter, the providing of preventives 
for himself. It is fair neither to the soldier nor to the nation. Nor should 
such preventives as we have be issued only “when demanded” and to those few 
who realize the danger and know of the preventive, but they should be issued like 
clothing, rations, ammunition and other equipment; to all the troops, officers and 
men alike, and their use not left optional but made compulsory when going into 
action. Like any other preventive, the object of their use is to keep the active 
service list up and the hospital list down, and the use of most preventive meas- 
ures is not left optional in military life. All are efficiency measures; and I be- 
lieve that the increased efficiency of an army using plugs would be many times 
greater than the cost of the plugs; they would be one of the smallest expense 
items of all the equipment of a soldier, and the bulk of even large numbers would 
not be a very noticeable factor in the problem of transporting supplies. 
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THE FOURTH VENEREAL DISEASE—EROSIVE AND GANGRENOUS 
BALANITIS* 


By Ropert GoL_psporoucH Owen, A.M., M.D., AND Floyp A. MartIN, 
A.M., M.D., Detroit, Micu. 


ib the course of routine examinations of genital lesions for the Treponema 
pallidum, we have recently encountered six cases showing a bacteriologic pic- 
ture of the condition described in this country by B. C. Corbus,” ? of Chicago, 
under the name of erosive and: gangrenous balanitis. 

An examination of American medical literature and textbooks fails to show 
any description of this disease, a condition difficult to understand, as Corbus 
called attention to this very typical type of infection as early as 1909, and since 
the infection had been recognized as a separate clinical entity by foreign observ- 
ers for some years preceding the publication of Corbus’s first article. 

Corbus considers the condition to be relatively uncommon among private 
patients, but to show an incidence of about .5 per cent among dispensary patients 
affected with venereal sores. He has informed me® that he finds the infection 
to be a very common affair among patients in the Central Free Dispensary of 
Rush Medical College, and that a number of his colleagues have reached the 
same conclusion. In general, however, the disease as a distinct clinical entity, 
is but little appreciated among the members of the medical profession. 

We have found six cases among about five hundred patients with venereal 
sores, and as the gangrenous type may lead to marked destruction of tissue, and 
since there is practically a specific treatment for this type of sore, we feel that 
attention should again be called to this condition. 

Bataille and Berdal* as early as 1889 recognized a contagious form of 
balanitis under the title, “balano-posthite erosive circinée,” but Scherber and 
Miiller® in 1904 were the first to isolate and identify the causative organisms, 
and they further demonstrated that the erosive and gangrenous types were due 
to the same germs, differing merely in the severity of the pathologic process. 

We are likewise indebted to them for the term “fourth venereal disease.” 
As early as 1904 they reported fifty such cases, and in a subsequent most com- 
plete article published in 1910 Scherber® reported eighty-one cases found dur- 
ing a period of four years in Finger’s Clinic at Vienna. 

Corbus, in his communication published in 1913,? calls attention to articles 
concerning this disease published in England, Austria, Switzerland, Italy, and 
Greece. We have been unable to find any references to this condition published 
subsequently, except one in a South American journal which was not available 


for study. 
DEFINITION. 


Corbus defines the disease as, “a specific infectious venereal disease due to 
symbiosis of a vibrio and a spirochete, with local and constitutional symptoms 
varying with the severity of the infection.” 


*From the Research Department of the Detroit Clinical Laboratory. 
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BACTERIOLOGY. 


The bacteriologic picture found in these cases is identical, on morphologic 
grounds, with that of Vincent’s angina, ulceromembranous stomatitis, noma, and 
other ulcerative and gangrenous processes which affect the mucous membranes, 
or at least have their point of origin in these tissues. 

Smears made from the discharge show fusiform bacilli or vibrios and 
spirochete forms. 

The fusiform bacillus, or vibrio, is a weakly Gram-positive organism about 
0.8 microns wide by 2 microns long, of a spindle shape, and shows one or more 
granules in the central portion. It shows no motility under the dark-field. 
This form can be grown on ascitic or serum agar under strict anaerobic con- 
ditions, where is appears in the form of short rods, at times filamentous in 


character. 
The spirochete is rather thick as compared to the pallida and possesses a 


Smear from case of erosive and gangrenous balanitis, showing fusiform bacilli and spirochetes. Magnifica- 


tion: 1200 diameters. Stained with dilute carbol-fuchsin. 


very active motility, there being both a wave-like and a rotary movement. It 
is about 0.2 microns wide and varies in length from 5 to 15 microns. The 
spirals, of which there are usually from six to ten, are about 34 microns in 
width and are not as numerous nor as fine and regular as those observed in the 
treponema pallidum. Once seen under the dark-field illuminator, there should 
be no great, difficulty in distinguishing between the two forms. This organism 
can also be cultivated anaerobically, but is much harder to isolate than is the 
accompanying fusiform bacillus. 

Both the fusiform bacillus and the spirochete stain readily with dilute 
carbol-fuchsin, another point distinguishing the latter from the pallida. The 
spirochete does not retain the stain by the Gram method. 

Hoffman and Prowazek’ who gave the name of S. balanitidis to the organ- 
ism described by Scherber, consider it a specific type distinct from those found 
in the mouth and also consider it as not being identical with S. refringens with 
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which it was classed by Levaditi® who grew S. refringens in collodion sacs in- 
traperitoneally and endeavored unsuccessfully to produce balanitis with such 
cultures. He, therefore, concluded that this organism could not be considered 
as the cause of the disease; while Scherber, who was unable to inoculate animals 
with cultures of the vibrio, held that it was. On the other hand, Corbus thinks 
the vibrio form is the active agent since spirochetes similar morphologically, at 
least, to those observed in balanitis, may be found in the preputial sac under 
normal conditions. 

Weaver and Tunnicliff® isolated in pure culture fusiform bacilli from Vin- 
cent’s angina and noma and later Tunnicliff'® found such organisms in normal 
mouths. She considers that the vibrio and the spirochete represent merely dif- 
ferent forms of the same organism; but Ellermann"! and Krumwiede and Pratt** 
believe them to be separate and distinct species. The latter observers cultivated 
vibrios from a number of different sources and found that regardless of origin, 
they could be divided into groups according to whether they fermented sac- 
charose or not. Noguchi'® considers that S. balanitidis “probably has a more 
intimate relation to the lesion than that of a mere secondary invader,” a point 
strongly emphasized by Scherber’s discovery of the organism not only in the 
initial lesion but also in the lumina of the adjacent blood vessels and in the 
inguinal lymph nodes. 

The evidence at hand seems to prove that these symbiotic organisms, often 
present in the mouth without any manifestations of pathogenicity, may, under 
conditions of lowered vitality, disease, etc., develop malignant properties, and 
when transferred to other fields of endeavor produce ulceration and sloughing 
of a marked degree. 

Corbus was able in all his cases to get a history of coitus in os or of wetting 
the genitals with saliva. We elicited such a history from two of our patients, 
while three others denied such exposure. The sixth patient vehemently denied 
exposure of any kind. 

McDonagh” considers the condition as usually resulting from coitus in os 
and thinks that the woman need not necessarily have an acute vulvitis or vagi- 
nitis, as the mere presence of a few of these organisms may lead to their im- 
plantation on a glans penis, which, if covered with a long foreskin, furnishes 
ideal anaerobic conditions for the propagation of the species. Indeed, he even 
goes so far as to state that the infection need not necessarily come from the 
woman, mere mechanical irritation and inflammation at times instituting such a 
process. While these divergent views leave the exact relation of these organ- 
isms and their source of origin in doubt, nevertheless the fact remains that in 
certain cases of balanitis where a retracted foreskin furnishes anaerobic condi- 
tions, a symbiosis of certain anaerobic organisms is present. Moreover, these 
cases respond promptly to the removal of such anaerobic conditions and the ad- 
ministration of oxygen in the form of hydrogen peroxide. Such treatment is 
not effective with the true chancroidal sore. 


SYM PTOM ATOLOGY. 


The disease usually begins on the sulcus coronarius, prepuce, or glans; 
usually as one, sometimes as several small superficial erosions which may heal 
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in the course of a few days without treatment. At times the surface of these 
ulcers may show a bright red color, while at other times they are covered with a 
grayish film of coagulated exudate and necrotic tissue. Where several small 
lesions are present, they usually coalesce in the course of a few days. 

The most, in fact the only, characteristic symptom of this type of venereal 
sore is the early and abundant production of a white or yellowish pus of a most 
foul odor. This pus, however, may be lacking in the early stages of the disease 
or may have been kept in abeyance by mechanical cleansing. 

The lymphatic glands are enlarged and usually painless, with the dorsal 
lymph cord sharing in the lymphatic involvement. Aside from the inguinal 
region there is no adenitis. Suppuration of the affected lymph glands does 
not occur. 

The majority of patients show no constitutional symptoms, but in the 
gangrenous type where the destruction of tissue may be rapid and extensive, 
profound sepsis may supervene. 

Phimosis and swelling appear early and are often marked, making treat- 
The Fourth Venereal Disease—Erosive and Gangreneous Balanitis* Continued 
ment difficult without surgical intervention. 


DIFFERENTIAL DIAGNOSIS. 


This type of sore is most apt to be confused with chancroid, as both have 
the same incubation period, the sore usually appearing within two to seven 
days after exposure. 

In chancroid, however, the ulcers are more likely to be multiple, and show 
contact infection on apposing surfaces which we have not observed in balanitis; 
and there is much greater tendency manifest to undermining of the edges of 
the ulcer, with the production of a ragged and irregular border. Painful in- 
guinal adenitis with resulting bubo is common in chancroid, but has not been 
observed in balanitis of this type. 

Balanitis cases show more abundant pus of a foul odor, and produce earlier 
and more marked edema and swelling. Phimosis is very common and appears 
quite early. 

The process is differentiated from the Hunterian chancre by the much 
shorter incubation period, by the rapidity of development of the pathologic 
process and the production of the pus described above. 

However, we have long ceased to depend on visual observations alone in 
differentiating between chancre and chancroid; for while there is a typical hard 
chancre, it is so often masked by an accompanying chancroidal infection, that 
diagnosis is difficult if not impossible. 

Indeed, we have found that at least 30 per cent of our cases of true syphilis 
are complicated by a chancroidal infection and such cases can be diagnosed with 
certainty only by means of microscopic and serologic methods. 


TREATMENT. 


The organisms are strictly anaerobic, and consequently can not exist except 
where a long foreskin provides such conditions. 
In early cases before phimosis has become marked, retraction of the fore- 
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skin with mechanical cleansing and the application of hydrogen peroxide furnish 
an oxygen supply incompatible with the growth of these organisms. We have 
had our cases apply gauze soaked in ordinary commercial hydrogen peroxide, 
covered with oiled silk, after careful mechanical cleansing of the ulcer and the 
removal of all sloughing tissue. 

Where this strength of peroxide tends to be irritant it can be used in a 
diluted form. 

If the phimosis be marked or if the foreskin can not be kept retracted, 
dorsal incision should be made at once owing to the rapid advance and marked 
destructive action of the process if unchecked. 

It is neither necessary nor advisable to. burn these sores, because burning 
alone, unless aerobic conditions are maintained, will have but little effect 
on the process. Neither should carbolic acid or other strong disinfectants be 
employed, as any chemical causing tissue destruction simply furnishes more 
ideal conditions for the growth of these organisms. 

As with Vincent’s angina, salvarsan or neosalvarsan produces a prompt 
cure, while these drugs have no beneficial action in chancroidal infections. How- 
ever, in general, the local treatment advocated is all that is necessary. Should 
the process be unchecked by hydrogen peroxide, or if gangrene be already mani- 
fest, resort should be had to these remedies, in conjunction with the local treat- 


ment with peroxide. 


CASE REPORTS. 


Our six cases were examined within one to three days after the sore ap- 
peared, all being in the erosive stage, with an abundant discharge of foul pus, 
moderate edema with slight phimosis, and exquisitely tender ulcers, the larg- 
est sore being about the size of a dime. The ulcers were covered with pus and 
considerable coagulated serum and exudate, beneath which lay a very superficial 
reddish-colored erosion. All showed moderate inguinal adenitis, painless in 
character. There were no constitutional symptoms. Two patients gave a his- 
tory of unnatural intercourse, the other four denied it. In all of these cases 
the sore had appeared within four days after exposure. 

One patient with a history of repeated exposures, but denying coitus in os 
showed treponema pallida, as well as the organisms characteristic of this con- 
dition. This case cleared up promptly under salvarsan and local treatment with 
hydrogen peroxide. 

Three other cases treated with wet dressings of hydrogen peroxide cleared 
up within a few days. 

The remaining two patients were advised to use the same treatment and 
presumably cleared, as they failed to return to their attending physician. 

None of these cases showed the presence of the Ducrey bacillus. 


CONCLUSION. 


1. There is a type of venereal sore due to symbiotic action of a vibrio 
(fusiform bacillus) and a spirochete. 
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2. The lesion may be simply erosive in character, or show marked sloughing 


and gangrene. 
3. These organisms are probably of oral origin, and are closely allied, if 
not identical, with the organisms of Vincent’s angina. 
4. Hydrogen peroxide acts as a specific in this type of venereal infection. 
5. Cauterizing and strong antiseptics should not be used as they tend to 
produce necrosis of tissue, thus favoring the further growth of these organisms. 
6. The gangrenous type demand salvarsan or neosalvarsan, as well as local 


treatment. 
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A POSSIBLE EXPLANATION FOR THE CYANOSIS AND HYPERPNEA 
SEEN IN PNEUMONIA AND CARDIAC DECOMPENSATION* 


By R. G. Pearce, B.A., M.D., CLEVELAND, OHIO. 


N normal individuals the minute volume of the respired air is primarily de- 
termined by the amount of carbon dioxide, and secondarily by the amount of 
oxygen present in the blood coursing through the respiratory center. Lack of 
oxygen is a much less effective stimulus to the center than is a corresponding 
increase in the carbon dioxide of the blood. An impairment in the gas exchange 
in the lung so that the blood leaves the heart with too little oxygen and too much 
carbon dioxide will cause the blood to be dark or cyanotic, and the respiratory 
center to increase the minute volume of the respired air. This results in a 
lowering of the percentage of the carbon dioxide in the alveolar air or its con- 
centration in the arterial blood. Whether the oxygen content is affected will de- 
pend upon the nature of the respiratory lesion, as will be pointed out later. This 
type of cyanosis is primarily arterial, and the hyperpnea is caused by too much 
carbon dioxide in the arterial blood. We believe that this type is present in cases 
of pneumonia that are cyanotic without evidence of air hunger or cardiac im- 
pairment, and that it is essentially like that found in congenital heart disease. 
In cardiac decompensation without respiratory impairment, the minute_ 
volume of the blood circulating through the lungs and the respiratory center is 


*From the Cardiorespiratory Laboratory, Medica! Service, The Lakeside Hospital, Cleveland, Ohio. 
Read before the Association of American Physicians, May 3, 1917 
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diminished and, if metabolism is normal, the blood per unit volume must carry 
more oxygen to the tissues and more carbon dioxide from the tissues than under 
normal conditions. If the oxygen supply is greatly diminished, the excitability 
of the respiratory center is increased and, in case the blood supply is not suf- 
ficient to promptly carry away the carbon dioxide produced, the center is abnor- 
mally stimulated. The compensating mechanism, brought about by increasing 
the minute volume of air respired, is the lowering of the carbon dioxide in the 
arterial blood entering the center to such a degree that the blood as it passes 


through the center is able, in spite of its small volume, to carry away the car- 


bon dioxide formed without increasing the carbon dioxide tension in the center. 
The oxygen content of the venous blood, however, is much less than under nor- 
mal conditions, inasmuch as the hemoglobin has been compelled to give up a 
greater percentage of its oxygen. The venous blood is therefore dark or cyanotic. 
Peabody’ has shown that the respiratory center of patients suffering with cardiac 
decompensation is much more sensitive than normally to changes in the carbon 
dioxide tension of the alveolar air. 

Ordinarily the alveolar air has the same pressure of carbon dioxide as does 
arterial blood, and the determination of this factor in either will give its value 
in the other. The direct relationship between the combined and the free car- 
bonates of the blood and the tension of carbon dioxide in the alveolar air in nor- 
mal individuals is well established. For this reason the method devised by Van 
Slyke* for the determination of the total blood carbonates is capable of giving 
fairly accurately the tension of carbon dioxide in the alveolar air as determined by 
various methods. 

Walker and Frothingham® have published a rather extensive series of cases 
in which they compared the carbon dioxide in the alveolar air as determined by 
the Plesch method, with the carbon dioxide in the venous blood as determined by 
the method of Van Slyke. They conclude that the two methods give approxi- 
mately the same results, and found the most marked variations in their cases of 
pneumonia and Graves’ disease. In these diseases, because of the increased rate 
of metabolism Plesch’s method undoubtedly gives too high results. 

The methods for determining the percentage of carbon dioxide in the alveo- 
lar air are not very satisfactory for accurate clinical use. Haldane and Priest- 
ley’s method,* while it has yielded most valuable data in the physiology of the 
regulation of the respiration, is not a satisfactory clinical method, and does not 
give very accurate figures in all conditions. By making use of the mathematical 
laws of vanishing small quantities, I have devised a method for the determination 
of the dead space and the percentage gaseous composition of the alveolar air.® 
I have used this principle for a year, and have only recently discovered that Pro- 
fessor Almeida, of the University of Rio Janeiro, has published a preliminary 
announcement of a method for the determination of the carbon dioxide in the 
alveolar air which is based on the principle I have used. Priority of discovery, 
therefore, belongs to him. Briefly the principle of the method depends on the 
influence which the atmospheric air of the dead space has in diluting the gases 
of the alveolar air in the total expired air. The principle can be shown graphi- 
cally by the use of a curve, the abscissas of which represent the amount of the 
expiration in cubic centimeters, and the ordinates the percentage of carbon di- 
oxide or oxygen in the expired sample. The larger the expiration, the greater 
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percentage of carbon dioxide does the air contain and the less percentage of 
oxygen, because the diluting factor which the dead space adds becomes less and 
less important as the expiration increases in amount. By making several ob- 
servations in which the expirations are progressively increased, it will be seen 
that the percentage of either the carbon dioxide or the oxygen, when plotted on 
cross-section paper, gives a perfect hyperbolic curve in which two constants are 
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present. One is the percentage of carbon dioxide in the alveolar air and is rep- 
resented by the horizontal asymptote, and the other the capacity of the dead 
space, which is represented by the vertical asymptote. Ta 

The percentage of carbon dioxide in the alveolar air as determined by this 
method is a trifle lower than that obtained by other methods in use at the pres- 
ent time. However, it is more accurate because it has not the theoretical errors 
present in other methods and, although involving a greater time and more com- 
plicated apparatus to carry out, it requires less cooperation on the part of the 
patient than do the other methods. 

In the Lakeside Medical Service we have been using this method to de- 
termine the percentage of carbon dioxide in the alveolar air, in company with 
Van Slyke’s method for the determination of the blood carbonates, in a number 
of cases of pneumonia and cardiorenal disease. Our series is not large enough 
to warrant a complete report, but the results so far obtained throw some new 
light on the pathologic physiology of these diseases. 

In several cases of pneumonia in which cyanosis was present without signs 
of cardiac impairment or air hunger, we have noted that the carbon dioxide ten- 
sion of the alveolar air as determined by our method is decidedly lower than that 
obtained by Van Slyke’s method. In the greater number of pneumonias seen 
late in the disease and without cardiac impairment, we found that the blood car- 
bonates and the alveolar air carbon dioxide determinations by the two methods 
corresponded fairly well. Cyanosis in these cases was never marked. 

Especially interesting is one case whom I saw twenty-four hours after the 
onset of the attack. His right base was dull, with high-pitched bronchial breath- 
ing. His respirations were 28 to the minute, pulse 115, and temperature 104°. 
The man appeared very ill, but was able to cooperate with me and was fairly 
comfortable. He had no signs of cardiac impairment, and the blood pressure 
was 135 systolic and 85 diastolic. The most noticeable thing about him was the 
intense cyanosis, which was present without symptoms of respiratory distress. 

Examination of his blood by the Van Slyke method showed practically a 
normal blood carbonate reserve, and the alveolar air as estimated by this method 
gave 37.5 mm. Hg. carbon dioxide pressure. His alveolar carbon dioxide de- 
termined by my method was 26 mm. The following day his general condition 
was much worse. The right upper was consolidated, his temperature 105°, pulse 
140, and his blood pressure a little lower. His cyanosis had disappeared. He 
was irrational, and I could not obtain a sample of air for carbon dioxide de- 
termination of the alveolar air. His blood carbonates were, however, the same 
as the day before. We believe that an explanation of the cyanosis and the dis- 
appearance of it as the patient grew worse may be found in a consideration of 
the respiratory physiology of congenital heart disease. 

Last year Dr. Julius Hess and I* reported.three cases of congenital heart 
disease occurring in boys of the same family. In all we found a low percentage 
of carbon dioxide in the alveolar air, an observation which has been found by 
others in congenital heart disease. The blood carbonates by Van Slyke’s method 
and the venous carbon dioxide tension by the method of Christiansen, Douglas 
and Haldane’ were normal. We are, therefore, forced to conclude that the blood 
which enters the lungs of these boys is more completely freed of carbon dioxide 
than in the normal individual, and that less than the normal amount of blood is 
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passing through the lungs. ‘The blood leaving the lungs, therefore, carries a full 
load of oxygen and less than the normal amount of carbon dioxide. On reach- 
ing the left heart it mixes with blood coming directly from the right heart through 
the abnormal connection. This blood is venous blood having a high carbon 
dioxide and a low oxygen content. The result of the mixture gives a blood prob- 
ably almost normal with reference to the carbon dioxide content, but less than 
normal with reference to its oxygen content. The boys all have an increased 
minute volume of respired air, but do not show any evidence of air hunger, nor 
is their capacity for work much less than that of the normal controls. 

We interpreted these findings as indicating that these boys have potentially 
a condition of carbon dioxide acidosis, which they compensate for by over- 
ventilating the blood which passes through the lungs so that the blood which 
leaves the left heart may have a normal carbon dioxide tension. In the case of 
oxygen, however, since the blood leaving the lungs carries all the oxygen it can 
carry, no compensation can take place, and the mixture of blood in the arterial 
system is unsaturated with oxygen and hence blue in color. 

A very similar explanation can be given for the cyanosis which we have 
observed in pneumonia. Let us assume that the pathologic process which de- 
stroys the respiratory membrane and makes the exchange of gases impossible in 
the pneumonic lung precedes the closing of the pulmonary vessels. Such a con- 
dition will give physiologically the same conditions as are present in con- 
genital heart disease. The blood reaching the left ventricle would in this case 
be a mixture of venous blood from the diseased area, and arterial blood from 
the sound area of the lungs. The respiratory center, responding to the increase 
of the carbon dioxide content of the blood, increases the minute volume of air 
respired and lowers the carbon dioxide tension in the arterial blood. This would 
tend to make the carbon dioxide concentration of the blood normal, but the 
oxygen content would be determined by the relative amounts of venous and 
arterial blood being delivered to the left ventricle. It would always be less than 
normal, since there is no possible mechanism to increase materially the amount 
of oxygen which the blood will take up. Such a condition can exist without 
evidence of air hunger or respiratory distress so long as the oxygen supply is 
sufficient. However, cyanosis would be present, since the capillary blood is not 
saturated with oxygen. As the disease progresses, the circulation through the 


" involved lungs becomes less and less, and the cyanosis disappears. 


We find confirming evidence of this view in the studies which Porter and 
Newburgh* have made on the condition of the respiratory center in pneumonia. 
These investigators find the respiratory center is depressed through a peripheral 
afferent vagus mechanism. The pneumonic respiratory center, being less sensi- 
tive to an increase in the carbon dioxide content of the blood than is the normal 
one, requires a larger amount of carbon dioxide in the arterial blood for the 
effective stimulation of the center. We have found confirmatory proof of this 
view in the case of one cyanotic patient, in whom we found the alveolar carbon 
dioxide and the blood carbonates to be practically normal, but whose venous 
blood, as determined by the method of Christiansen, Douglas and Haldane’, was 
higher than normal. This condition indicates that the amount of blood passing 
over the respiratory membrane was reduced, and that the blood entering and 
leaving the respiratory center had a higher content of carbon dioxide than under 
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ordinary conditions. This offers an explanation for the fact that many cases of 
pneumonia, which are cyanotic because they are receiving unrespired blood in 
their left heart, fail to show much if any decrease in the percentage of carbon 
dioxide in the alveolar air. That it is found in some cases, however, is significant 
of its potential existence in all. In other words, were it not for the hypesthesia 
of the respiratory center which Porter and Newburgh find present in pneumonia, 
we should probably more often find the alveolar carbon dioxide lower than the 
blood carbonates indicate. Butterfield and Peabody® have furnished some ex- 
perimental evidence that cyanosis of pneumonia may be caused by the formation 
of methemoglobin. I do not wish to deny that this occurs, but I believe that 
the degree of cyanosis which we see developing early in the disease is out of all 
proportion to the infection. Moreover, the blood of these cyanotic patients 
when shaken in the air, assumes a very arterial color, which is in striking con- 
trast to the deep dark color which persists in the blood of patients who have been 
poisoned with coal tar products. One can not explain the sudden disappearance 
of the cyanosis in the cases mentioned on the theory of methemoglobin forma- 
tion. It appears probable to us that the cyanosis disappeared when the amount 
of unrespired blood which was reaching the left auricle became negligible. 

We believe that in these cases of pneumonia which we have described, one 
portion of the blood circulating through the pulmonary vessels consists of blood 
which has been superventilated, while another portion which passes through the 
diseased area is unventilated. Therefore, the confluence of the total blood in the 
left auricle gives a mixture of superventilated blood with unrespired blood. This 
will give a total result of an aortic blood which will have a fairly normal amount 
of carbon dioxide but a low amount of oxygen. The lack of oxygen is responsible 
for the cyanosis. 

In several cases of cardiac disease we have found the percentage of carbon 
dioxide in the alveolar air low during the stage of cardiac decompensation. In 
these cases there was no lowering of the total blood carbonates, and as the heart 
compensated by rest in bed and treatment, the alveolar air carbon dioxide and 
the blood carbonates came hick into agreement. Recently, with Dr. Christie, 
I have had one case of especial interest. The patient was admitted to the ward 
with a badly decompensated heart, air hunger, orthopnea, high systolic and 
diastolic blood pressure, and a dilated heart. His blood carbonates gave a nor- 
mal figure, indicating no reduction in his blood alkalinity. His minute volume 
of respired air was 10 liters, and his alveolar air determined directly gave a 
carbon dioxide pressure of 30.7 mm. Hg. His blood failed to show evidence of 
acidosis, while his alveolar air indicated that it was present. His venous car- 
bon dioxide pressure, as determined by the method of Christiansen, Douglas and 
Haldane, was about 46 mm. Hg. The wide difference between the pressure of 
carbon dioxide in his arterial and his venous blood indicates that the blood 
which was passing through his lungs was being superventilated. In this patient 
the blood entered the lungs bearing approximately the normal load of carbon 
dioxide, but left the lung with a less than normal amount of carbon dioxide. It 
entered with a carbon dioxide pressure of 46 mm. and left with a carbon dioxide 
pressure of 30. Since his blood was approximately normal in its capacity to 
carry carbon dioxide, we may compute from the above data, together with a de- 
termination of his total respiratory exchange, the minute blood flow through his 
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lungs from the data furnished by Christiansen, Douglas and Haldane on the re- 
lationship between the oxygen and carbon dioxide content of the blood. I have 
done this and find that each 100 c.c. of blood which passed through this man’s 
lung lost at least 10 c.c. of carbon dioxide. The normal figure given by most 
authorities is about 6 c.c. This figure, taken together with the total carbon 
dioxide eliminated by the patient per minute, which in this case was a normal 
figure, gives him a minute cardiac output of about 3 liters per minute, which is 
about one-half the calculated normal figure. Because of the small amount of 
blood which passes through the respiratory center, the metabolism of the respira- 
tory center itself would cause the tension of carbon dioxide to be raised above 
a normal level, unless the blood entering it is capable of carrying away more 
carbon dioxide than it does under normal conditions. 

Lewis'® observed similar cases, and Peabody! has reported a series of cases 
which undoubtedly fall into this group. Lewis believes that the cyanosis and 
dyspnea without acidosis are due to poor oxygenation of the tissues. Peabody, 
basing his conclusions on the low alveolar carbon dioxide pressure in these cases, 
believes they have a real acidosis. He, however, recognizes the part which the 
accumulation of carbon dioxide in the respiratory center may play in the dysp- 
nea. Recently Peters reported similar cases, but attributes them to a failure 
in the gas exchange in the lung. He did not, however, determine the tension of 
the carbon dioxide in the venous blood. Such an explanation can hardly apply 
in our case for the following reasons; the respiratory exchange and the tension 
of the carbon dioxide in the venous blood was nearly the same during and follow- 
ing the stage of decompensation. Under these conditions, if the blood leaving 
the lungs contained a normal, or even slightly greater than normal, tension of 
carbon dioxide the mass movement of the blood would have to be normal un- 
less the tension of the carbon dioxide in the venous blood was raised. There can 
be no doubt that the mass movement of blood in our case was seriously impaired. 
From both a physical and a physiologic standpoint we believe our explanation 
is more in accord with the facts than that given by Peters, but he is quite right 
in believing that these cases are examples of carbon dioxide acidosis. 

From the above results we see that the percentage of carbon dioxide in the 
alveolar air is not a good guide as to blood acidosis, at least in cardiac disease, 
pneumonia and congenital heart disease. In the cardiac case a low carbon dioxide 
alveolar air pressure is a result of the attempt of the respiratory center to 
prevent its venous carbon dioxide pressure from being unduly raised because of 
the slow circulation. In pneumonia and congenital heart disease, the respiratory 
center reacts to keep the arterial blood at a normal carbon dioxide tension. 
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EXPERIMENTAL ASTHMA IN THE GUINEA PIG 


By Henry SEwALL, M.D., DENVER, Colo. 


t lees material used by the body in its metabolism enters from without through 
definite channels, the alimentary canal and the respiratory cul-de-sac. 

The great advances in our knowledge of nutrition have been made possible 
through a better understanding of digestive proteolysis. Hitherto the respira- 
tory epithelium in its relation to nutrition has engaged physiologists chiefly as 
the seat of alveolar gas exchanges. But in stepping across the “no man’s land” 
from physiology to pathology the epithelium of the upper air passages acquires 
unrivaled importance in its relation to foreign proteins inhaled with the air and 
which, when absorbed, cause profound metabolic reactions and a large propor- 
tion of the disease of mankind. The current statements’ that in healthy man 
the mucous membrane of the air passages, except at the anterior end of the 
nasal canal, is sterile are extremely significant of active digestive processes car- 
ried out under its control. On the contrary, the wealth of bacteria found in 
the secretions of respiratory disease suggests that the epithelium has lost destruc- 
tive power over germs and that this failure is a concomitant of, if not a necessary 
factor in, the development of disease. 

We seem, unfortunately, to be absolutely ignorant of the local reactions be- 
tween protein substances and the respiratory epithelium upon which they are im- 
planted and, in view of certain literature, it is worth while to repeat the truism 
that advance of knowledge in this field can be expected through experiment only, 
however important may be the aid of imagination. 

Without understanding in the least the reactive attributes of the mucous 
membrane of the nose, it is easy to apply a foreign protein to this surface and 
afterwards elicit, through the reactions of immunity, signs of its absorption. 

It seems reasonable to assume that an understanding of at least those dis- 
eases which are due to invasion through the respiratory tract should be most 
readily attained by introducing into the body the experimental reagents through 
the same avenue as that traversed by the disease-producing material. 

It was considerations such as these which led me several years ago to 
submit to study the immunologic reactions set up in guinea pigs by the applica- 
tion of foreign proteins, normal horse serum, to the mucous membrane of the 
nose. 

Generalized reactions such as those to be described evidently are similar in 
pathology to such as have recently been made familiar by numerous investiga- 
tions into the so-called “hay fever.” 

The epoch-making work of Dunbar? clearly demonstrated the anaphylactic 
character of the hay fever phenomena. He probably makes a fundamental error 
in ascribing the susceptibility of hay fever patients to attacks of pollinosis to an 
abnormal permeability of mucous membranes and skin in such subjects, while 
immunity from the disorder is supposed to depend upon the successful resist- 
ance of the epithelium to absorption of the pollen proteins. My work with 
Powell® on guinea pigs indicates that proteins of horse serum are absorbed by 
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the mucous membrane of the nose with every application of the serum and 
definitely proves that as few as six instillations of serum in alternate nostrils to 
the amount of 0.19 c.c. produces a systemic effect in every case. These effects 
were pronounced in high degree when six instillations were given at intervals 
of twenty-four days, each nostril receiving its three doses at intervals of forty- 
eight days. 

In our experiments the systemic action of the nasal instillation was meas- 
ured by the reactions induced by the intravenous injection of horse serum. The 
somatic change caused by the instillation of serum was of two varieties. The 
animal was rendered hypersensitive to the serum, so that an intravenous injec- 
tion of 0.25 c.c. would cause death within 3 to 5 minutes, or produce positive 
reactions of every possible grade of intensity. Or there would be little or no 
perceptible anaphylactic disturbance, and later a succession of intravenous in- 
jections at wide intervals would be withstood, showing that active immunity 
had been established. We were able to satisfy ourselves by further work* that 
the prominence of the anaphylactic symptoms in the process of immunization 
depended upon the amount and period of contact of the serum instilled with the 
mucous membrane of the nose, that is, probably, upon the amount of serum ab- 
sorbed. Using minimal quantities of serum (0.04 c.c.) for the instillations, a 
high degree of immunity towards horse serum could be imparted, with nearly 
complete elimination of the symptoms of hypersensitiveness when the guinea 
pig was given a considerable intravenous injection of the antigen. 

Transferring these general results to the special case of hay fever, the con- 
clusion is plausible that some degree of absorption of pollen protein is universal 
among people exposed to pollen; that most people become immune to pollinosis 
because of the minimal initial absorption, but that in subjects of hay fever a 
large initial dosage has set up a hypersensitiveness towards pollen which the 
tissues of the body always tend to retain. An exact analogy is to be found in 
the experiments to be presently detailed. 

Practical work on this subject impresses one with the distinction between 
general and local hypersensitiveness. Whenever a normal guinea pig instilled 
with serum into the nose develops a respiratory reaction, such as the produc- 
* tion of rales, that animal always succumbs to the intravenous injection of serum, 
but, as will be shown later, animals which react to intranasal serum by the most 
violent asthma can, by appropriate treatment, be made temporarily immune to 
respiratory disturbance, though they quickly succumb to intravenous injection 
of serum. 

Our observations indicate that normal guinea pigs, no less than those that 
have been sensitized by subcutaneous injection of serum, can be made to develop 
attacks of asthma by instillation of horse serum into the nose; but in the latter, 
previously sensitized, animals the reactions are apt to be more violent and the 
latent period of local sensitization is decidedly shorter. 

In a former article’ I have described in detail the reactions to be expected 
when a normal guinea pig is treated with horse serum by the nose. With the 
animal held gently on its back upon a table, the head well extended, small drop- 
lets of serum were allowed to fall slowly from a hypodermic syringe upon one 
or the other of its nostrils. A variable amount of resistance in the way of strug- 
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gles and expulsive movements was encountered ; a common reaction, more prom- 
inent with the progress of sensitization, was an excessive secretion of saliva. 
One of the most characteristic reactions to the instillation of serum in sensitized 
animals is an increase in intestinal peristalsis. In pregnant females uterine, and 
apparently independent fetal, movements are pronounced and may be extremely 
violent while the mother lies quite placid. Such reactions come on within one 
to three minutes after beginning of instillation. My usual method was to instill 
0.1 to 0.2 c.c. horse serum at intervals of one to four or more days, alternate 
nostrils being instilled at successive treatments. In a small proportion, possibly 
one-fifth of the normal animals receiving this spaced treatment, there would 
develop, with the instillation given about the sixteenth day, moist rales, ap- 
parently beginning in the nose and extending through the trachea to the bronchi. 
At the same time a more or less pronounced dyspnea supervened, the respira- 
tion usually being slowed, but sometimes quickened. The phenomena are so 
suggestive of those of bronchial asthma in man that there can be little chance 
of error in considering these attacks true bronchial asthma. These asthmatic 
paroxysms may develop under conditions most unfavorable for the development 
of anaphylactic demonstrations, namely, in the course of a series of instillations 
separated by intervals far shorter than the period of incubation. This fact 
alone indicates a qualitative difference between the immunologic reactions which 
attend nasal as contrasted with subcutaneous inoculations. When, on the other 
hand, a normal guinea pig is caused to absorb serum through the nose by giv- 
ing it three or four instillations on successive days and then is allowed to rest, 
a final instillation after twelve to sixteen days as a rule provokes at least the 
initial signs of asthma. 

Even a single instillation of horse serum produces a systemic effect, for if 
it is repeated after a sufficient interval unmistakable signs of sensitization may 
be disclosed. A group of eight normal guinea pigs was instilled each with three 
minims of horse serum into the right nostril. They were divided into four 
groups of two pigs each and the instillation was repeated, but now into the left 
nostril, at the end of six, nine, twelve and seventeen days. There was no cer- 
tain anaphylactic reaction at the second instillation in the first two groups. But 
in the pigs treated after twelve days a few tracheal rales developed, and the same 
result to a more marked degree attended the instillation after seventeen days’ 
rest. 

In another experiment, two pigs received by the nose 0.25 c.c. horse serum. 
Sixteen days later the treatment was repeated with the production of slight ana- 
phylactic symptoms such as excessive secretion of saliva and rubbing of the nose. 
Two days later one of these animals received an intravenous injection of serum. 
There was no reaction, though the animal succumbed to a subsequent injection. 
The important conclusion is suggested that sensitization of the peripheral mech- 
anism may reach a fairly high degree through a single instillation of serum while 
there is as yet no general hypersensitiveness demonstrable by intravenous injec- 


tion of the antigen. 
In a group of three pigs which had received a course of nasal instillations fol- 


lowed by several widely-spaced intravenous injections of serum and which, ac- 
cordingly, had developed a high degree of immunity towards serum, a nasal in- 
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stillation of 0.25 c.c. in each, given after a resting period of several months, pro- 
voked no response. The most probable explanation of the result is that the 
general immunity had enveloped the respiratory. apparatus. 

It may be well to repeat here an observation made in another place,‘ that the 
evidence shows that states of sensitization or immunization set up by a few intra- 
nasal instillations of serum are of short duration, lasting fifty to seventy-five days, 
while corresponding conditions induced or strengthened by relatively large doses 
administered parenterally are apparently permanent. 

We have seen above, evidence, supported by a great number of additional 
experiments, that every intranasal instillation of serum in normal guinea pigs is 
attended with some absorption and that after a single such absorption a repeti- 
tion of the treatment in twelve to seventeen days leads usually to reactions in- 
dicating hypersensitiveness of the respiratory apparatus. 

When the intranasal treatment is carried out on guinea pigs which have, 
weeks previously, been made hypersensitive to horse serum by subcutaneous 
injection there is more or less quantitative modification of the respiratory reac- 
tions. General sensitization does not, as a rule, induce hypersensitiveness of the 
respiratory apparatus to horse serum applied to the mucous membrane of the 
nose. 

The nasal mucous membrane must apparently be independently sensitized, 
but the latent period of its sensitization may be materially shortened. Only in 
one out of scores of animals tested (pig 2 of the table) was asthma induced by 
the very first instillation of serum into the nose. It is not uncommon, however, 
for the latent period to be shortened to from one to five days. 

A subcutaneously sensitized pig, when given intranasal treatment, usually 
responds clearly to a second instillation given about eight days after the first 
The anaphylactic reactions to nasal instillation are usually more severe in animals 
previously generally sensitized than in those termed normal. 

The fact that a pig previously sensitized by subcutaneous injection rarely 
responds to nasal instillation of serum until several treatments have been given, 
indicates a progressive change in the nasal epithelium which may be of the nature 
of “sensitization” or merely the sign of an increased permeability. Such an 
animal responds with asthma to instillations repeated daily more readily than 
when a wider interval of rest is chosen. It is as if the closer succession of in- 
stillations found the epithelium in Wright’s “negative phase.” 

If one may venture to draw a parallel between serum anaphylaxis and that 
of hay fever, I can not subscribe completely to the views recently expressed by 
Cooke, Flood and Coca, that “hay fever is the clinical symptomatic expression 
of local hypersensitiveness.’ I have found no extreme local hypersensitiveness 
without a background of general hypersensitiveness. 

There would seem to be a marked difference between the conditions of local 
anaphylaxis in the mucous membrane of the nose and of the skin in their rela- 
tions to general sensitization. 

Observers experienced in the skin tests for general hypersensitiveness 
seem fo regard the first scratch to be as diagnostic of the general condition as 
subsequent ones. 

Reactions of the hypersensitive respiratory apparatus to the introduction 
of horse serum into the air passages are complex events. The most measurable 


eke 


878 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


anaphylactic symptom is that of excessive secretion leading to the production 
of rales which apparently begin in the nose and soon extend through the trachea 
to the bronchi. With this disturbance there is associated more or less dyspnea. 
The dyspnea is evidently occasioned by an event other than the mechanical ob- 
struction offered by the bronchial secretion; it is often most intense when the 
rales diminish, and auscultation under these-conditions indicates an obstruction 
to the passage of air into the alveoli. In a paper cited,’ attention was called to 
the fact that when the anaphylactic reaction was brought on by making the 
guinea-pig inhale the serum in a finely vaporized cloud through a funnel, the 
respiratory rales did not develop but the dyspnea was often intense; the two 
methods of administering the serum produced in the one case a dry and in the 
other a moist asthma. It is obvious that the bronchial obstruction occurring in- 
dependently of secretory accumulation is due to the phenomenon discovered by 
Auer and Lewis,’ stenosis of the small bronchi which, according to these authors, 
is caused by spasm of the muscle fibers, encircling the tubes. 

The writer suspects that edema of the cells lining the bronchioles forms a 
prominent if not a determining factor in the stenosis, but it is not yet prepared to 
assert this position. 

The important outcome of the observations is the demonstration of an ex- 
perimental condition, which has all the features of bronchial asthma, whose 
origin is undoubtedly anaphylactic. 

It would seem obvious that there is parallelism if not identity between the 
pathology of experimental bronchial stenosis and that causing the paroxysms 
of certain forms of asthma, but the probably anaphylactic nature of the seizures 
was not apprehended until pointed oot by Meltze.* 

A considerable series of researches on the etiology of hay fever, among 
which should be mentioned specifically those of Goodale,’ Koessler,'’ and, as re- 
gards asthma, Walker"! were indispensable and admirable, but suffered from the 
limitations of observations confined to human beings. Those observers who have 
used the nasal route in administering the antigen to patients have found no advan- 
tage in it. This, I conceive, is due to the misapprehension that antigen so applied 
must necessarily provoke symptoms if absorbed. Only by animal experimentation 
can we expect to unravel the fluctuating relations between the exciting antigen and 
the sensitized organism, or deduce the laws according to which hypersensitiveness 
can be produced at will. The experiments to be described were conducted through 
a period of about thirteen months and were performed upon a group of guinea 
pigs sensitized to horse serum by subcutaneous or intraperitoneal injection, and 
were designed to throw light upon the following questions: 1. Can such ani- 
mals be caused, in every case, to develop paroxysms of asthma by instillation of 
horse serum into the nose? 2. How may these paroxysms be modified by vary- 
ing the intervals between the instillations and the amount of serum exhibited? 
3. Is it possible to prevent anaphylactic seizures by doses of serum too small 
to cause them? 4. Can an “immunity” be developed against experimental asthma? 
5. If local immunity is obtained, does it involve a loss of general sensitization? 


METHODS AND RESULTS. 


Only six guinea pigs were employed in these observations, which can only 
be regarded as a basis for further work. The time and amount of each dose of 
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serum instilled, and the reactions thereto are recorded in the table. The history 
of each animal preliminary to beginning the instillations was briefly as follows: 


G.P. I.—Born October 26, 1915, of a mother which after a course of nasal instillations 
of serum had withstood three intravenous injections in the course of three months, the last 
injection of 0.75 c.c. being given, with very slight reaction, two days before birth of G.P. I. 
This pig when 15 days old, received a subcutaneous injection of 0.1 c.c. horse serum. The 
first instillation of the present series of experiments was given when the pig was 162 days old. 

G.P. II.—Likewise offspring of an immunized mother which had received five intrave- 
nous injections in five months, the last two of 0.75 c.c. each, the last 27 days before the birth 
of G.P. II. G.P. II received 0.1 ¢.c. serum subcutaneously when 15 days old. First treat- 
ment of the series when pig was 121 days old. 

G.P. III.—From the same mother as G.P. I, born about 82 days later. Received 0.1 c.c. 
serum subcutaneously when 25 days old. Born 84 days after mother had received last in- 
travenous injection of 0.75 c.c. Was 80 days old at. first instillation of this series. 

G.P. I1V.—Same mother as G.P. II but born later, 94 days after mother’s fifth intrave- 
nous injection. Received subcutaneously 0.1 ¢.c. horse serum when 13 days old. Began in- 
stillation treatment when 80 days old. . 

G.P. V.—Born of normal mother. When about 60 days old received on four successive 
days intraperitoneal and one subcutaneous injection of horse serum totaling 12 c.c. Nasal 
treatments begun when about 115 days old. 

G.P. VI.—From one of the serum immunized mothers described above but undetermined 
which. Gave subcutaneously 0.1 c.c. horse serum when about 69 days old and began the 
course of nasal instillations on the same day. ; 


DESCRIPTION OF TABLE. 


The whole course and outcome of the experiments is represented in the 


accompanying table. 
The instillations (with Cutter’s normal horse serum) were exhibited in two 
dosages. The smaller dose, two droplets from the hypodermic needle, repre- 
sented about 0.04 c.c. of serum. The larger dose was a measured quantity of 
0.2 c.c. 
In the graphic record each cross on the abscissa line represents one day, 
and the numerals between the crosses indicate a corresponding number of resting 
days between successive treatments. The black crosses represent the instillations 
of smaller quantity, 0.4 c.c.; the red crosses, those of larger quantity. 
A single cross signifies that no biologic reaction attended the administration 
of serum. An interrogation mark above it indicates that while no asthmatic 
attack developed, there were slight and obscure signs of anaphylaxis. The axis 
of ordinates contains the evidences of biologic reaction. Two crosses, one 
above the other, indicate a slight but obvious degree of asthma, three crosses 
much more pronounced or moderate asthma, and four crosses signify a very 
severe seizure such as, at times, seemed to threaten life. To illustrate by a ; 
definite example, in the case of G.P. V, three instillations of 0.2 c.c. serum were 
given on successive days. With the second instillation there was developed a 
slight asthma. On the fourth day there was given a small instillation of 0.04 
c.c. followed by one day of rest when the instillation was repeated, provoking 
slight evidence of sensitization. After four small instillations on alternate days, 
a fourth large instillation was given resulting in a severe attack of asthma. The 
times taken to administer the dosages were, one and a half minutes for the 
small and three minutes for the larger instillations. Asthmatic symptoms fre- 
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quently developed during the act of instillation but usually within a minute or 
Their onset was seldom deferred more than fifteen 


two after its completion. 
minutes after administering serum. 


REVIEW OF THE TABLE OF EXPERIMENTS. 


Guinea pigs I and III should be considered together, since each seemed to 
possess unusual constitutional resistance against the sensitizing effect of serum 
and, after sensitization was secured, each developed a strong resistance against 
the exciting influence of nasal instillations and apparently a complete immunity 
Both pigs were born of the same mother, but in 


to the induction of asthma. 
different litters. 

Each animal was observed through a period of 277 days during which guinea 
This animal was not affected by the three 


pig I received 21 large instillations. 
initial instillations and but very slightly by a fourth given 9 days later, but a 
fifth large instillation after another resting period of 10 days produced a well- 
marked attack of asthma. Guinea pig I responded, altogether, with six well- 
defined paroxysms of asthma, but during the last 168 days of treatment 11 large 
Guinea pig III received 


instillations were given, none of which caused asthma. 
21 large and 43 small instillations; the object of the latter was, by a nonprovoca- 
tive dose, to avert the symptoms induced by the large instillations. 

The sensitization in guinea pig III proceeded steadily, was not averted by 
four small instillations on alternate days and on the ninth day after the pre- 
liminary dosage led to pronounced asthma under the stimulus of a large in- 
stillation. Guinea pig III developed but three attacks of asthma at widely sepa- 
rate intervals. During the last 159 days of treatment the animal received 16 
small and 10 large instillations without asthma. It appeared, therefore, that 
in both guinea pigs I and III the asthma-mechanisms were immune to the stim- 
ulus of horse serum. It was obviously of interest to determine whether this 
local resistance predicated a loss of general sensibility towards the antigen. 

Accordingly 17 days after the last instillation, guinea pigs I and III received 
an intravenous injection of 0.25 c.c. horse serum and each promptly died in 
typical shock. At the autopsies no macroscopic abnormality could be discerned 
except deep congestion of liver and kidneys in each and excess of mediastinal 
fat in II]. There was no evidence of fatty degeneration. These results are 
rather surprising in view of the visceral degenerations obtained by Longcope’? 
following repeated injections of foreign proteins. It may be surmised that the 
pathologic tissue change depends upon the amount of foreign protein introduced 


rather than on the reaction of anaphylaxis. 
and IV were from the same immunized mother but of dif- 


Guinea pigs I] 
ferent litters. 
Guinea pig II was extraordinarily sensitive to intranasal dosage. 
one that ever 


Among many guinea pigs similarly tested, this was the only 
responded with asthma at the very first instillation of horse serum into the nose. 
It will be noticed that early in the series of observations even a small instilla- 
tion was once able to provoke an attack of asthma. 

The animal was observed through 397 days, receiving in that time 35 large 
and 74 small instillations of serum. It will be observed that the small instilla- 
tion of serum given on alternate days has a restraining influence on the response 
to the larger instillations and that this property is not so marked when the small 
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instillations are given daily, as was done towards the end of the experiment. It 
is obvious, also, that although the hypersensitiveness of the respiratory apparatus 
became for a time allayed, it returned later in full force. 

The important conclusion may be drawn from the record of this animal, 
strengthened by the results in other cases, that the small instillations of serum 
have a positively inhibiting effect over the development of anaphylaxis, but that 
hypersensitiveness is maintained by repeated applications of the larger dosage. 

The inhibiting effect of the small instillations of serum is well illustrated 
:2 the history of guinea pig IV. This animal was observed through 397 days, 
receiving in that time 38 large and 20 small instillations of serum. For the 
first 240 days of treatment, the pigs received only large instillations of serum, 
to the number of twenty-four, every one of which was attended by a well- 
marked attack of asthma, some of the paroxysms being very severe. It will be 
observed that when four small instillations of serum, indicated by black crosses, 
were given on alternate days, the succeeding two large instillations for the first 
time provoked no asthmatic response, and that finally a strong degree of resist- 
ance against the large dosage was developed. 

It may be objected that the inhibiting effect of the small instillations of 
serum over the development of the asthmatic attack is merely an illustration of 
“antianaphylaxis.”’ 

A substantial basis for this interpretation is afforded by the fact that, as 
a rule, only a 24 to 48 hours interval was allowed to elapse between the last 
of a series of small, preventive, instillations and the large provocative one. Skip- 
ping ‘to a consideration of the history of guinea pig VI, we find that the known 
conditions of antianaphylaxis do not explain the sedative influence of the small 
instillations. 

Guinea pig VI was observed through 382 days, during which it received 
25 large and 47 small instillations. The initial treatment differed from that 
given the other animals, and a paroxysm of asthma was not produced until the 
fifth instillation on the twenty-ninth day. It should be recalled that the intra- 
nasal treatment of this animal began immediately after it had received its sub- 
cutaneous injection of serum. During the incubation period of the latter there 
was no respiratory reaction. That the animal was extremely hypersensitive is 
shown by the fact that on four occasions asthma was caused by small instilla- 
tions. In this pig the groups of small instillations were, as a rule, separated 
from the large provocative dosages by resting intervals of ten days or more. It 
seems obvious from the result that there was an inhibiting effect of the small 
instillations which reached over the ten days’ interval, whereas, as in the cases 
of the other animals, the larger instillations apparently progressively increased 
the sensibility; though the antianaphylactic effect of the larger dosage should 
presumably have been greater. 

Again we find a somewhat less inhibiting effect produced by small instilla- 
tions repeated daily than when given on alternate days. 

These data of time and amount of dosage have, of course, great practical 
importance for those who would use them as guides to therapeutic application. 

We have, finally, to consider guinea pig V which differed from the others 
in being born of a normal mother and in having been sensitized by relatively mas- 
sive injections of horse serum into the abdomen and under the skin. In 397 
days this pig received 34 large and 75 small instillations of serum. 
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The biologic character of the reactions closely resembles those found in the 
other cases. ‘There is the same tendency of the small instillations to inhibit and 
of the large ones to excite anaphylaxis. The persistence of the state of hyper- 
sensitiveness is well illustrated in this animal. The very last instillation to which 
he was subjected produced the severest reaction of all; for many minutes there 
was evidently a bronchial spasm so severe that it seemed as though the animal 
must expire for want of breath. No convulsions marked this stage. 

This tedious work has resulted in no discovery, but it seems worth record- 
ing as a purely experimental essay in an important field of anaphylaxis. Some 
of the essential principles illustrated by these experiments were expounded by 
James Paget in a clinical lecture’* more than forty-six years ago. He dwells 
upon the immunity to dissection intoxications induced by frequent exposures and 
‘the reacquirement of sensitiveness by a sufficiently prolonged period of rest. 


SUMMARY. 


It has been shown that guinea pigs, especially after previous sensitization, 
may react to intranasal instillation of horse serum by the development of respira- 
tory seizures which have the essential characters of bronchial asthma. 

In some cases an apparent immunity of the respiratory apparatus may be 
developed while general hypersensitiveness still remains, as proved by the fatal 
effect of intravenous injection of serum. In most cases the hypersensitiveness 
of the respiratory apparatus once acquired tends eventually to return, at least 
through a period of thirteen months. 

Small nasal instillations of serum, 0.04 c.c., not themselves usually capable 
of inducing asthmatic paroxysms, apparently have a distinctly inhibiting effect 
on the development of asthma by large instillations, 0.2 c.c., which themselves 
tend to maintain hypersensitiveness and override resistance. 

It is an opinion supported by many additional observations, that serum is 
actually absorbed by the mucous membrane of the nose whenever placed in 
contact with it and that the immunologic reactions are internal to the surface. 

The conclusion, emphasized in other papers, is here strengthened that in 
therapeutic prophylaxis better results may probably be expected by choosing a 
dosage of antigen which just fails to produce an obvious reaction than by one 
which entails a marked disorder. 

It is a pleasure to acknowledge indebtedness to Dr. Cuthbert Powell for 
performing the operative work necessary in two cases. 
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CASES OF CHRONIC INFECTION APPARENTLY FOCAL IN THE 
GALL BLADDER* 


By G. M.D., On10. 


CASE I. 


J. R., Hospital No. B-1182, a white man 70 years of age, was admitted to the Cin- 
cinnati General Hospital on Feb. 17, 1917, in a semiconscious state and distinctly under 
the influence of alcohol. On admission the pulse was 88 and of fair volume and quality. 
The reflexes were normal. There was no bleeding from the ears, nose, eyes, or mouth. 
The scalp was bruised but not broken. There were no pressure symptoms. The day after 
admission the patient appeared to be clearer, mentally, but could not speak distinctly. 
Upon the lower lip was an ulcerated area which had been the seat of a previous opera- 
tion for cancer. Both eyes were contused and “black.” The patient was not able to 
grasp or hold objects. He took food well. An x-ray plate showed nothing definite. At 
times the patient was delirious, and he voided involuntarily. 

On Feb. 20, 1917, the pulse began to increase in rate and the patient sank rapidly 


and died at 10:30 p.m. 
Ciinicat Diacnosts.—Concussion; probable fracture of the vault; arteriosclerosis; 


alcoholism; carcinoma of the lip; senility. 


AUTOPSY PROTOCOL. 


The body was that of a well-built, fairly well-nourished old man of apparently 60 
to 65 years of age. Over the anterior surface of the body, particularly over the left 
anterior superior spine, in a region just beneath the left nipple and at various points over 
the thorax, particularly to the left, were numerous greenish bruises. There was a bruise 
just above the right wrist. Over the vertex of the skull was a linear lacerated wound 
which was closed with sutures and which did not extend to the periosteum. The pupils 
were equal and slightly dilated. The mouth was in an exceedingly bad condition. There 
were many carious snags remaining in the gums and one or two long irregular teeth. 
There was a hemorrhagic suffusion about both eyes. Practically the whole of the lower 
lip near the margin was the seat.of a hyperplastic epithelial process the surface of which 
was ulcerated and irregular. Just at the right angle of the mouth was a scar remaining 
trom an old operation. The skin covering the lower half of each leg was brownish, 
atrophic and squamous and had a board-like feel but there was no edema. Just above 
the left internal malleolus was an area of ulceration covered with dried crusts. Thirteen 
centimeters above the right internal malleolus were two crusted lesions that superficially 
resembled psoriasis except that the crusts were more hyperplastic. Beneath these crusts 
the epithelium appeared to have formed long hyperplastic papille. Both legs above these 
areas of pigmentation showed numerous dilated veins. 

When the calvarium was removed, it was found that the dura was very unusually 
adherent. The pia was everywhere edematous but there was no evidence of hemorrhage. 
There was an increased amount of spinal fluid and the blood vessels of the base showed 
patchy arteriosclerosis which was particularly prominent in the middle cerebrals. There 
was an increased amount of fluid in the ventricles which were quite dilated. There was 
no evidence of hemorrhage in the brain. There was no evidence of fracture of the skull. 
Rigor mortis was present; posterior lividity was brilliant. The subcutaneous fat was ex- 
ceedingly well developed. The omentum formed an apron over the anterior surface of 
the intestines and was well supplied with fat. The appendix was in situ and ran up 
closely adherent to the posterior surface of the cecum. There was no other abdominal 
lesion. 

When the sternum was removed, the lungs did not collapse. There was no fluid 
in either pleural cavity. The 5th, 6th, 7th, 8th and 9th ribs were fractured in a line cor- 


*From the Mary M. Emery Department of Pathology of the University of Cincinati, and the 
Pathologic Institute of the Cincinnati General Hospital. 
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Fig. 2.—Gall bladder of Case 1. Note the two areas of ulceration and also the odd-shaped gall stones. 


responding to the anterior axillary line, but the pleura was not broken at any place. 
There were no adhesions in the left pleural cavity but there were numerous old apical 
and diaphragmatic adhesions in the right. There was no increase of pericardial fluid. 
There seemed to be no appreciable enlargement of the cervical lymph glands. The large 
intestine was tremendously distended with gas. There was a very large increase of peri- 
renal fat. 

The right kidney was of fair size, the capsule removed with ease. The whole 
organ was pale and evidently edematous. The cortex was narrowed. The line of de- 
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marcation between cortex and medulla was distinct. The glomeruli were occasionally 
visible as congested points. There was evident sclerosis of the pyramids. The friability 
of the whole organ was decreased. There were very numerous petechial hemorrhages in 
the pelvis. The left kidney resembled in every respect the right. There were a few 
small retention cysts in each kidney. The spleen was small and flabby, the capsule smooth, 
and the pulp rather pale, but otherwise there was nothing unusual. 

The liver was small, the surface was everywhere pale and smooth. On section the 
parenchyma had a diffuse cloudy appearance and nothing more. The friability of the 
organ was decreased. The gall bladder was small and contracted and contained a num- 
ber of calculi; pressure upon the gall bladder caused the appearance of a thinnish muco- 
purulent material. The bile ducts themselves were patent. The calculi in the gall badder 
were typical jack-stones in appearance and were quite firm. The gall bladder itself 
showed a thickened fibroid wall and the distal half was the seat of a complete circular 
ulceration. The base of the ulceration was yellowish, soft and mucoid. The urinary 
bladder contained a large amount of somewhat cloudy amber fluid. The mucous mem- 
brane, however, was healthy. The prostate was moderately enlarged. 

The heart was rather large and was dilated on the right. The tricuspid and pul- 
monary orifices seemed to be healthy. There was no essential lesion of the mitral or 
aortic leaflets. In the aorta just to the right of the innominate was a large atheromatous 
ulcer which extended into the innominate. Throughout the rest of the aorta there were 
scattered areas of subintimal fatty degeneration with quite numerous atheromatous ab- 
scesses and ulcers. These were particularly well marked in the eight centimeters above 
the bifurcation and in this area the ulcers were all pigmented. 

The right lung was diffusely edematous and the posterior half of the upper lobe 
seemed to be partially consolidated. Over the pleura was a very fine fibrinous exudate. 
There was some slight exudate also over the lower lobe which was less obviously con- 
solidated. Otherwise the pleura was smooth. On section it appeared that the posterior 
half of the upper lobe was almost completely consolidated and in a state of red hepatiza- 
tion with some small areas of gray. The lower lobe showed a more diffuse red hepatiza- 
tion with more edema. The bronchi were all intensely congested and contained a cloudy 
blood-stained serous fluid. The apex was scarred. The left apex was also scarred and 
hyperplastic. The upper left lobe was completely crepitant and the lower lobe was not 
completely crepitant though it contained air throughout. This lobe was distinctly edema- 
tous and evidently in a stage of inflammatory edema. The pleura showed some fine 


fibrinous exudate. 
The stomach and intestines showed nothing unusual. The pancreas was apparently 


healthy. 
Anatomic Dracnosis.—Chronic suppurative cholecystitis; cholelithiasis; acute lobar 


pneumonia; acute fibrinous pleuritis; arteriosclerotic kidney; aortic atherosclerosis; myo- 
cardial fibrosis; acute nephritis; edema of the brain and meninges; multiple superficial con- 
tusions; fracture of the 5th, 6th, 7th, 8th, and 9th ribs; epithelioma of the lip. 


REMARKS. 


In this case no cause is recorded which may be related to the gall bladder 
condition. The protocol is presented because, so it seems, the evidence contained 
in it points to the possibility that given a focal infection and a generally decreased 
resistance—a lowering of vitality,—the chances of a serious acute infection by the 
hematogenous route are multiplied. What seems to have happened in this case 
is that an old alcoholic man was “beaten up” and so badly damaged that oppor- 
tunity was given for organisms whose home was in the gall bladder, to attack 
the lungs and set up an acute lobar pneumonia, of a somewhat unusual type. 


CASE II. 


H. H., Hospital No. B-881, a white woman 55 vears of age, was admitted to the 
Cincinnati General Hospital on February 6, 1917. Her complaint was that she had fainted 
in a shop. where she was making a purchase. 
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Famity History—Her mother died at the age of 58 in a sanatorium to which she 
had been sent for melancholia. 

Personat History.—She was married in 1882, and had one child who died of diph- 
theria at the age of 12. She had had no other pregnancies. The husband died at the age 
of 55, of pneumonia. She gave no history of diseases of childhood. At the age of 15 
she had typhoid, and later at different times had rather mild attacks of rheumatism. 
About five years before admission she had severe continued pain in the little toe of the 
right foot, and the toe was amputated. Since that time the sensation of pain and also 
twitching has persisted at the site of the operation and this caused insomnia and nervous- 
ness. On the morning of the day when she fainted she had gone to the bank, and while 
there had been faint and dizzy. Later she went to the shop and fainted. ‘The attack 
lasted but a few seconds. There was no history of trauma. For four days before ad- 
mission she had a constant occipital headache, and for three days she had shooting pains 
in the right frontal region. 

Present State.—The patient is a small, fairly well-nourished, white woman. Mental 
State-—Attention is fair, but she tends to ramble in her talk. Memory is fair for past 
events; dates are very indefinite. Patient seems to be slightly dulled. Questions must 
be repeated, answers are often irrelevant. Special Senses—Slight diminution tor count- 
ing fingers at a distance of two feet; more with right eye. Patient seems slightly deafened ; 
taste and smell subjectively normal. Cranial Nerves—-Pupils equal, small, fixed to light 
and accommodation. No consensual or sympathetic reaction. Sensation over the face 
seems normal; occular movements normal. Face appears symmetrical. Facial move- 
ments normal except in showing her teeth the patient draws up right side of the mouth 
more. Articulation, phonation and deglutition normal. Shoulders shrugged equally; pulse 
normal. Tongue protruded in midline, no tremor. Sensory System.—Scattered analgesia 
over legs, arms, abdomen and chest; joint sense normal. Patient complains of pain in 
left shoulder joint. Motor System.—Patient says the left arm is weak and will not attempt 
to grasp with it. No unusual wasting; strength in legs normal. No contractions, tremors, 
or spasms. Reflexes—No knee jerks; abdominals diminished if not absent. Clonus and 


Babinski negative. 

February 7—The upper third of the left arm is discolored a purplish-red, is swollen, 
hot and tender. On palpating line of tenderness is felt near the head of the humerus 
with definite crepitation. Sent for x-ray. 

February 18—Transferred to surgical service. Taken to x-ray department and her 
arm put up in a case encircling her chest, which held the arm tight to the side. X-ray 
showed a fracture of head of left humerus with some displacement of fragments. 

February 22—The patient became very weak, her heart rapid, and pulse feeble and 
compressible. She died at 10:25 p.m. 

CrinicaL Dracnosis.—Tabes dorsalis (paresis?); fracture of the neck of the left 


humerus. 


AUTOPSY PROTOCOL. 


The body was that of a fairly well built, moderately nourished old woman of ap- 
parently 60 to 65 years of age. There was a slight edema of the ankles. Rigor mortis 
was present; posterior lividity was present but not brilliant. Over the right buttock was a 
small clean bedsore. Over the left buttock was an area of excoriation about 4 or 5 cm. 
in diameter. The upper left arm, from a point just about the neck of the humerus to 
a point half way between the elbow and wrist, was almost diffusely discolored, purplish 
and greenish, and was edematous. Rotation of the arm showed crepitus at about the 
neck of the humerus. The left wrist showed a distinct silverfork deformity and the leit 
hand was atrophic. There was a large bruised area with edema over the upper left part 
of the thorax anteriorly between the clavicle and breast. External to this there were 
some purplish ecchymoses and low in the axilla was another patch of subcutaneous suf- 
fusion. 

When the spinal cord was removed it was found that there was a large increase 
of clear spinal fluid so that the dura was much distended. There was an increased amount 
of fluid beneath the dura of the brain. Also the pia was decidedly edematous, particularly 
over the vertex and the convolutions, particularly the frontal, were somewhat atrophic. 
The sulci over the right vertex were rather widened and deepened but there was no 
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evidence of inflammatory change. The pia was slightly clouded. The blood vessels of 
the base were tremendously arteriosclerotic, to such an extent that in removing the brain 
the basilar artery fractured across and tore readily. The cerebellar branches, but par- 
ticularly the middle and posterior cerebrals, were exceedingly sclerotic and tortuous. 

The peripheral lymph glands were not appreciably enlarged. The pupils were equally 
contracted. The lower front teeth were all that remained and they were in a fairly good 
condition. There was no pyorrhea but there was a fairly large amount of tartar about 
all of the teeth and the gums were pigmented. The subcutaneous fat was very well de- 
veloped; the muscles were pale. ‘The mammary glands were evidently healthy. The 
lower margin of the liver lay 10 cm. below the ensiform process and 414 cm. above the 
costal margin in the right mammillary line. The appendix was in sifu and evidently healthy. 

When the sternum was removed, the lungs did not collapse and in the mediastinal 
fat there was a small amount of hemorrhage that reached from just beneath the manu- 
brium to 10 cm. below it. The left pleural cavity was almost completely obliterated with 
old fibrous adhesions. In the right pleural cavity there were a few old apical and lateral 
adhesions. The bronchial lymph glands were almost completely calcified. There was no 
increase of pericardial fluid. 

Dissection of the left shoulder showed that there was a simple comminuted fracture 
of the neck of the humerus. 

There were some old adhesions between the gall bladder, stomach and hepatic flexure 
of the colon. After removal of the duodenum, pancreas and stomach, there appeared, 
just below the line of the left renal vessels, a pigmented area, quite firm in consistence, the 
tissue of which was quite friable. When it was torn the finger could be introduced ap- 
parently into the left kidney. There was no distinct odor connected with it and the fluid 
which ran from it had a dark, almost greenish, cloudy urinous appearance. It had no 
connection with the renal vessels. Through the opening made into the urine-containing 
sac, the finger could be extended easily downward along the ureter which was quite evi- 
dently slightly dilated. In the region of the right broad ligament was what appeared to be 
a lipoma almost as large as one’s fist. The urinary bladder contained a large amount 
of pale, somewhat clouded urine. It was very markedly trabeculated; there was no evi- 
dence, however, of any inflammatory process. The left ureter was apparently healthy. 
There was nothing abnormal to be seen in the course of the right ureter. On section of 
the left kidney it was found that the pelvis was very large, dilated, and marked with very 
numerous petechial hemorrhages. The dilatation extended into the calices and the sub- 
stance of the kidney had been compressed. In spite of a rather well marked edema of the 
parenchyma, the cortex was exceedingly narrow, averaging about 3 mm., was pale, the 
line of demarcation between cortex and medulla was distinct but not brilliant, but in 
neither cortex nor parenchyma was there any evidence of macroscopic inflammatory proc- 
ess. The capsule removed with difficulty leaving a finely granular gray surface. The evi- 
dences were that the pelvic inflammatory condition had extended into the pelvic fat and 
thence into the perirenal tissues. The rizht kidney showed very much the same condition 
in a less advanced stage, however, and with no perirenal invasion. The tubes and ovaries 
were apparently healthy. There was a slight erosion about the mouth of the cervix uteri 
and the uterus as a whole was very atrophic and what had seemed to be the body of the 
uterus was merely a single mural fibroma. 

The liver was small and brown. The capsule was for the most part smooth, and 
there was an accessory groove parallel to that of the suspensory ligament and just at the 
lower part of this was an area of superficial scarring somewhat stellate in shape, but not 
extending deeply into the tissue. The organ was very friable on section and quite brown. 
The gall bladder contained two gall stones buried in a thick greenish-yellow pus. The 
walls of the gall bladder were thickened, fibroid, and in part ulcerated. The right lung 
crepitated throughout. The apex was scarred and there were no adhesions between the 
lobes. There was a slight amount of hypostatic congestion. On section nothing re- 
markable was evident except a moderate edema. The left lung was also crepitant' through- 
out. Its surface was tagged with old adhesions and the lobes were bound firmly together. 
The apex was scarred and at one place in the lower lobe was a fibroid patch containing lime 
salts. Section showed nothing except a moderate hypostatic congestion. The heart was of 
fair size. The coronaries were somewhat sclerotic and quite tortuous. The pulmonary and 
tricuspid valves were evidently healthy. The mitral valves were thickened at the edges 
but there was nothing else noticeable. The aortic valves also were reasonably healthy. 
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The aorta was thickly patched with areas of fatty degeneration and some atheroma. This 
atheromatous process was still more marked in the lower abdominal segment where it 
was represented in the narrowed vessel by pigmented ulcers, discrete and confluent. In 
the neighborhood of the origin of the renals and in a few inches just above this there were 
a few hyperplastic subintimal fibrous patches. The spleen was small. The capsule was 
smooth. The pulp was gray, the Malpighian bodies were not visible. The stomach 
showed nothing unusual. The duodenum contained bile-stained fecal material. The pan- 
creas seemed to be somewhat edematous and to be the seat of a moderate fibrosis with 
some fatty infiltration. The rectum was the seat of a catarrhal condition so marked that 
all the layers of the gut were exceedingly edematous. The mucous membrane was par- 
ticularly thickened and the tops of the ruge were distinctly hemorrhagic; above the rectum 
the gut was still congested, particularly so in the cecum. The small intestines seemed to be 
relatively healthy. 

Anatomic D1acnosis.—Comminuted fracture of the neck of the left humerus; chronic 
suppurative cholecystitis; cholelithiasis; acute pyelitis; chronic diffuse nephritis (interstitial 
type) ; acute perinephritis; obsolescent pulmonary tuberculosis; acute hemorrhagic proctitis ; 
aortic atherosclerosis ; cerebral arteriosclerosis ; cerebrospinal edema; atrophy of the cerebral 
convolutions; bilateral hydronephrosis; tabes dorsalis (?). 


REMARKS. 


In this case, as in the former one, a focus of infection was present in the 
gall bladder. In this, however, there was a possible etiologic factor in an early 
attack of typhoid. It is possible that some other cause might have been elicited 
for the cholelithiasis had the patient been in a better mental condition. Be that 
as it may, the patient, arterially diseased and mentally damaged, suffered a very 
severe trauma, and following that died somewhat unaccountably. At autopsy 
nephritis and pyelitis were present which is interpreted as evidence of a renal 
infection secondary to the cholecystitis, and induced by the trauma and its conse- 
quent effect upon the general resistance of the patient. 

Sections through the cortex of the brain showed marked disorganization of 
the cortical striations with great morphologic changes in the individual cells, 
chromatolysis, eccentricity of the nucleus and satellitosis. Noguchi preparations 
were doubtful and definite demonstration of spirochetes could not be asserted. 
Kulchitscky’s preparations of the spinal cord, from the cervical, dorsal and lum- 
bar regions showed a moderate degeneration of the columns of Goll in the last 
mentioned level.—[IV. E. K.]. 


SUM MARY.* 


One of the interesting features connected with these cases is that they came 
to autopsy almost at the same time. Another feature is that one might suspect 
that the lobar pneumonia in Case 1 was the result of alcoholism and exposure, 
rather than of metastatic infection. Perhaps this was really so, but in the second 
case there was no exposure or alcoholism and the evidences point to metastasis 
facilitated by trauma as the essential factor. Taken together these cases suggest 
the definite relation existing between chronic foci of infection and a terminal 
acute metastatic infection. In neither case was there any history of gall bladder 
disease. 


*For a general discussion of focal infection, see Billings: Focal Infection, New York, 1916. 


= 


ACUTE DEATH FROM CHLORINE POISONING* 


By Oskar Ktotz, PirtspurGH, PA. 


HE study of the effect of chlorine gas poisoning is one that has been 

introduced by the present war. Prior to 1915 there are but two or three ref- 
erences in literature concerning the harmful action of chlorine upon health. To 
have undertaken an extensive study of chlorine poisoning, would have been 
looked upon as an academic occupation of one who had difficulty in finding a 
problem of active interest to human welfare. Suddenly, however, the medical 
officers, serving on the battlefields, were confronted with the direful effects of 
chlorine and other gas poisonings for which their studies in therapy had given 
them no adequate remedy. In the absence of knowledge of the manner in which 
these irritating gases produce their effects, the resources of chemists and phys- 
icists were called upon, to offer a means of prevention. Our hopes along this 
line of endeavor have been greatly raised by the introduction of adequate masks. 
Nevertheless, before these became available, much harm has been done both 
through the gruesome method of killing men, as well as the permanent injury 
inflicted upon those receiving a lesser concentration of gas. Chlorine appears 
to have been used most extensively, but bromine, phosgene and other gases have 
also been used. 

The horror of the first gas poisonings led to a number of investigations by 
British authors. These studies have been of an experimental kind and con- 
siderable information has been gained as to the manner in which chlorine attacks 
the tissues. Schaefer has exposed animals to chlorine gas varying in concentra- 
tion from 1 to 20 per cent. Such concentrations are unusually high and it is 
improbable that any of the soldiers at the front have ever found themselves in 
an atmosphere containing this amount of chlorine. It is more likely that the 
human gassings are accomplished in a concentration of 1:1000 to 1:10,000. 
However, each gas raid by the Germans must vary in the actual amount and con- 
centration of gas which reaches the allied forces. The efficiency of gassing by 
chlorine rests to a large extent upom the climatic conditions, there being neces- 
sary a favorable breeze sufficient to waft the liberated chlorine towards the op- 
posing trenches, but with the air currents inefficient to stir up the heavy gas 
from its low lying position over the terrain to cause excessive diffusion. 
Furthermore, the concentration of the gas will be materially altered if on the 
morning of its use, the ground be damp and the air contain much fog. The great 
solubility of chlorine gas in water permits its rapid removal from the air. 

Schaefer’s important observations on chlorine poisoning may be summarized 
as follows. The immediate effect of chlorine gas is to irritate the mucous mem- 
branes with which it comes in contact and particularly the bronchioles. The 
bronchial tubes did not appear to alter the size of their lumina by muscular con- 
traction and Schaefer did not believe that the dyspnea was referable to the con- 
traction of the air tubes. It was observed that the main effect of the inhala- 
tion of gas was upon the lung structure wherein the capillaries responded in an 


“From the Pathologic Laboratories, University of Pittsburgh. 
Submitted to the National Research Council by the author. 
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unusual dilation followed by edema of the alveolar walls and the air sacs. With 
this pulmonary congestion, there was a marked drop in the systemic blood pres- 
sure, which, in the absence of a primary cardiac failure, indicated some resist- 
ance to the blood flow from right to left heart. Schaefer refers to this occur- 
rence in the terms of an “obstruction in the pulmonary vessels rendering it im- 
possible for the blood to pass freely to the left auricle and ventricle.” He was 
unable to indicate the exact manner in which this pulmonary obstruction was 
brought about. 

Shortly following this, Leonard Hill also studied the problem of gas poison- 
ing, paying particular attention to the effects of chlorine. His viewpoint differs 
somewhat from that of Schaefer. Broadly, his attitude is that chlorine is a 
definite irritant, acting not unlike a burn. In other words, the application of 
chlorine to tissues will simulate in its reaction other irritants which induce vari- 
ous grades of inflammation. The exact quality of the reaction will be deter- 
mined by the amount and concentration of the irritant substance. Thus, at times, 
in high concentration, chlorine will destroy the cells with which it comes in 
contact. The bronchi and bronchioles may be denuded of their epithelium, and 
the irritation of the gas upon the deeper structure of the bronchioles will lead to 
muscular spasm unless the gas has destroyed these elements. Hill thoroughly 
agrees with Schaefer that, since chlorine is such an active chemical agent which 
can find so many substances with which it can unite in the blood, it will not be 
carried in the free state to distant parts. Thus it is hardly probable that chlorine, 
as such, damages distant tissues, but only accomplishes serious organic lesions, 
such as described by Broadbent in the kidney, through indirect means. Hill, 
furthermore, observed that at the beginning of the experiment, when chlorine 
was first given the animal, the expansion of the chest was diminished, which he 
believes was due to the contraction of the bronchial tubes. Congestion and 
edema of the lungs followed, appearing first in patches and then spreading. The 
blood became venous and the output through the lungs was lessened. If the 
edema of the lungs was forcibly removed by pressure, the condition of the 
animal was greatly improved. 

The problem concerning the deleterious effects of chlorine bears a direct 
relation to respiration and the pulmonary circulation. For the present, we will 
not concern ourselves about the secondary manifestations which may arise in a 
vicious circle. It is clear that systemic poisoning does not occur, and the dis- 
tant effects, whatever they be, are in large part the result of the intrathoracic 
pathology. 

Hill describes a typical human case of gassing as one that is “cold with a 
subnormal temperature, conscious but restless, with pulse slow and full (except 
in the collapsed cases). The face is cyanosed, intensely so in many cases, and 
the expression strained and anxious. ‘The posture varies. In some cases the 
patient sits propped up, with head thrown back, gasping for breath; in others, 
he lies on his side, with his head over the edge of the stretcher in an attempt to 
aid expectoration. The respirations are jerky and hurried, often numbering 40 
a minute, and are associated with a choking cough, accompanied by a varying 
amount of frothy expectoration. With each inspiration the chest is expanded 
to its fullest, all the auxiliary muscles being brought into play just as in an 
asthmatical paroxysm. This is the first, or asphyxial, stage, which, if the pa- 
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After the first 


tient survives, gradually passes off after some thirty-six hours. 
But after a 


stage the patient falls into a sleep, and awakes feeling much better. 
few hours of comparative quiet, symptoms of bronchitis begin to manifest them- 
selves. In the majority of cases these are not severe, because, no doubt, nearly 
all the severe cases die in the first stage. In the cases that are kept alive with dif- 
ficulty there is a short quiescent stage followed by intense bronchitis. The froth- 
ing gives place to greenish mucopurulent expectoration, consciousness to de- 
lirium, the temperature rises from subnormal up to 104° F., the pulse becomes 
of small volume, with its rate increased perhaps to 160, the respirations are less 
choking but more shallow, and number up to 70 a minute before death.” 

This description of gas poisoning in man is very similar to that noted in 
animals. When guinea pigs are exposed to 1:1000 chlorine gas, evidence of ir- 
ritation is seen in the watering of the eyes and in the attempts on the part of the 
animal to seek a position away from the fumes. For a time, the animal appears 
to be holding his breath. Soon, however, he is forced to inspire, causing him 
to cough and sneeze. With this, there is a watering of the nose, and the animal 
paws his face as if to brush away the irritant. The respirations now become 
more rapid but jerky; there appears to be some difficulty in breathing and the 
thorax is held quite rigid while the costal borders tend to flare and shallow res- 
pirations are carried on mainly by the diaphragm. The animal is distinctly dis- 
tressed, and gives intermittent gasps. If at this stage the animal is removed 
from the chlorine mixture, the gasping continues for some time, even hours, as 
he is recovering. If the animal has been overexposed the gasping continues 
after he is in the free air, until death. When allowed to remain in the gas mix- 
ture, the respirations shortly before death become hurried and then suddenly 
cease. During this time the heart beats regularly and continues for some time 
after the cessation of respiration. 

Acute chlorine gas poisoning may be induced in small animals, mice, guinea 
pigs, and rabbits in concentrations of from 1:10,0C0 to the stronger mixtures. 
For careful observations it is well not to use mixtures of a greater concentration 
than 1 per cent. The main differences that we have noted in the various strong 
concentrations of chlorine gas have been in the rapidity of the onset of the 
symptoms and the time of death. In the very acute cases, death occurs in 3 
minutes; with the less concentrated mixture, rabbits, guinea pigs, and mice will 
survive for half an hour or longer. 

_ Some observations were made upon the blood of gassed animals. As we 
have stated above, chlorine is not absorbed and distantly distributed in the free 
state by the blood. In a previous study by Miller, it was shown that a definite 
lymphocytosis was present in cases of chronic chlorine poisoning. These chronic 
cases were soldiers who had survived the gassing for several weeks or months. 
In the acute cases, as was observed in one of his cases no lymphocytosis was 
present. He believes that an increase in lymphocytes was due not to the direct 
effect of the chlorine gas but was the result of chronic inflammatory changes in 
the lungs. When chlorine gas, even in very low dilution, is permitted to come 
in contact with blood, its active reducing qualities are quickly noted. The blood 
in contact with the chlorine becomes black and gummy and on long exposure is 
decolorized. By passing small quantities of chlorine through a blood solution, 
the coloring matter is entirely destroyed and the iron is liberated in the watery 
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solution. Hake demonstrated this free iron by Prussian blue test. He sug- 
gested that this marked effect of chlorine on the blood, might have some rela- 
tion to its lethal effect. In none of our animals have we been able to demon- 
strate such profound blood changes referable to the chemical effects of chlorine. 

On the other hand, an interesting observation was made upon the cellular 
content of the blood of the treated animals. When mice were exposed to the 
lethal concentration of the chlorine gas, it was found that immediately after 
death, the congested areas of the lung contained but small quantities of fluid 
blood. The congested areas stood out prominently and did not shrink or col- 
lapse. The tissues were edematous and there was frothy fluid in the bronchial 
tubes but the blood within the congested portions of the lung substance appeared 
coagulated. On several occasions we were surprised to find that this coagula- 
tion proceeded into some of the larger vessels. The right heart, both auricle 
and ventricle, was dilated and continued beating after cessation of the respira- 
tions; the left heart was in firm systole. The systemic circulation had ceased 
and respiration was no longer maintained, owing to cerebral anemia. It ap- 
peared as Schaefer intimated, that there was some obstruction in the pulmonary 
circulation. It was difficult at first to account for such an obstruction when in 
truth the vascular channels in the lung were in a state of congestion. Here, 
however, there was evidence that in these cases of acute poisoning, the stage 
of congestion was only an early manifestation of the irritating effects of the gas 
and that this congestion was succeeded by a stage of intravascular coagulation. 
The pulmonary tissue responded to the irritant, with a type of inflammatory 
exudate in which large quantities of serum escape from the dilated capillaries 
and permeate the alveolar walls and air sacs. The acute deaths in animals were 
always accompanied by a remarkable pulmonary edema. The lungs were water- 
logged and the alveoli filled with a thin frothy fluid. 

Even with the intense congestion of the lung we have never observed hemor- 
rhage sufficient to tinge the edematous fluid. The remarkable rapidity and ex- 
tent with which this edema develops, suggested the possibility that the abstrac- 
tion of water produced marked changes in the blood within the pulmonary 
capillaries. The possibility that this abstraction of water and consequent thick- 
ening of the blood increased the viscosity and led to the excessive resistance of 
the blood flow in the lungs is in agreement with the findings of Schaefer and the 
demonstration of the right heart embarrassment. It, furthermore, occurred to 
us that the abstraction of these relatively large quantities of fluid from an en- 
gorged system of vessels would not only increase the density of the plasma but 
would also bring about a change in the numerical cellular content of the blood. 
That this was the case was demonstrated in blood counts made from the pul- 
monary vein of the gassed animals (mice and guinea pigs), such counts showing 
an increase of from two to five million red cells over the normal count. It was 
found, therefore, that the obstruction in the pulmonary circulation referred to 
by Schaefer was in part at least due to the increased viscosity of the blood. 

There is, however, another factor of much graver importance affecting the 
pulmonary circulation. As we stated above, the congested areas of the lungs 
were found to contain less fluid blood than would be expected from their ap- 
pearance. From the character of the dry congested tissues of the lung it was 
evident that the blood had coagulated within the dilated capillaries. This state 
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we found only in the severely and fatally gassed animals. As we will mention 
later, microscopic evidence of such coagulation was obtained. This unusually 
rapid coagulation may be the result of the intense edema whereby the blood con- 
stituents within the vascular channels are greatly altered and concentrated, per- 
mitting of rapid spontaneous solidification. On the other hand, chlorine gas, 
when in contact with fluid blood, tends to coagulate it almost instantly. We 
have found that human blood placed in an atmosphere of 1:1000 of chlorine 
coagulates in about fifteen seconds; stronger concentrations reduce this time. It 
is probable that within the lung where, through congestion and edema a slowing 
of the capillary circulation has already taken place, and where because-of the 
great abstraction of water from the local tissues, the blood is in the threshold 
state for coagulation, the local and direct effect of chlorine upon the capillaries 
and blood materially hastens coagulation. 

In as much as in our experimental animals the respirations ceased before 
the stoppage of the right heart, and as Schaefer has shown that there is a distinct 
drop in the arterial blood pressure, it would appear that the acute deaths of the 
experimental animals were the direct result of obstruction of the pulmonary 
circulation and that the presence of the pulmonary edema was a factor in this 
regard. 

But, however, all of the acute deaths taking place from a few minutes to 
an hour after exposure observed in human cases are not as intense as those de- 
scribed. Under those circumstances where the individual continues to live for 
an hour or two, the fatal result is more particularly associated with the edema 
and consequent asphyxia than to a direct embarrassment of pulmonary circula- 
tion, although undoubtedly the increased viscosity of the blood associated with 
pulmonary edema also plays a part. 

Our microscopic analyses substantiate the above findings and indicate that 
the important changes take place in the lungs while tissues elsewhere in the body 
are not directly affected by the gas. We have repeatedly observed the absence 
of congestion in the abdominal organs, though in animals surviving some hours 
after gassing, the liver showed a mild grade of engorgement. This was in con- 
sequence of the inability of the right heart to carry on an adequate circulation 
through the lungs. 

The reaction (microscopic) in the lung varied according to the length of 
time of exposure to chlorine and with the concentration of the gas used in the 
experiments. The mildest reaction consisted of congestion, effecting particu- 
larly the capillaries of the alveolar walls and also the larger blood vessels, both 
arteries and veins. When the congestion had continued for longer periods of 
time, an edema made its appearance within the air sacs. This edematous fluid 
is of a very watery nature and of low albuminous content. The alveoli are 
flooded with this fiuid and when it persists, a gradual shrinking in the size of 
the alveoli takes place. Concurrently with the appearance of this edema, scat- 
tered portions of the lung become emphysematous. ‘These emphysematous al- 
veoli become widely stretched, and are devoid of fluid. In this stage, conges- 
tion, edema, and some emphysema are the outstanding pulmonary changes. It 
is to be remarked that although the congestion is very intense and has an 
appearance as if the small alveolar capillaries would rupture, it is but rare to 
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observe the presence of red blood cells within the air sacs. On the other hand 
an escape of red blood cells may take place into the alveolar wall itself. 

A direct influence of the action of the gas upon the cells lining the bronchi 
and air sacs, was not frequently observed. In only a few instances, was there 
evidence of desquamation of a few cells of the bronchial epithelium or a change 
in the morphology or staining qualities of the alveolar lining cells. True coagu- 
lation necrosis was not observed and there was nothing to indicate that the con- 
tact of the gas on the mucous membranes was of particular importance in bring- 
ing about a serious pulmonary condition. 

An important observation in the acute deaths, particularly in mice, was the 
finding of patches of diffuse coagulation of blood in the pulmonary capillaries. 
In these areas we have observed within the capillaries and larger vessels the 
presence of a diffuse meshwork like altered fibrin. Wide stretches of channels 
were found in which an irregular meshwork of threads stained diffusely blue 
with hematoxylin. In these thrombi relatively few red blood cells were found. 
Similar coagula with a varying number of erythrocytes were seen in the arterioles 
and venules. This process of thrombosis was not uniformly distributed through 
lung. 

In these animals receiving smaller quantities of gas or in which the gas con- 
centration was less, the fatal results were variously delayed, with this delay 
in time of death a considerable difference was noted in the pathologic histology 
of the lung. The congestion was found persisting but of a different grade of 
intensity although sometimes the congestion appeared equally marked as that 
seen in more acute experiments. The edema also persisted in different degrees, 
but more commonly there was a tendency for the disappearance of the watery 
fluid contained within the alveoli. It was not uncommon, however, that a new 
type of edema made its appearance. This occurred as a tissue edema, surround- 
ing blood vessels, and to some extent around the bronchi. The perivascular 
lymph spaces were widely dilated, developing a loose structure around these 
tubes. This late edema was accompanied by a more or less inflammatory reac- 
tion in which lymphocytes and occasionally leucocytes and plasma cells were 
found in the fluid of the tissue spaces. Inflammatory reactions were not alone 
present in the perivascular tissue, but were also present in the alveolar walls. 
following the congested capillaries. Here again the lymphocyte was the most 
common cell. Leucocytes were not abundant. Endothelial cells were occasion- 
ally found within the alveoli. The extent to which the cellular exudate made its 
appearance in the pulmonary tissues appeared to vary, not only with the manner 
of exposure to chlorine, but also with the individual susceptibility of the animal. 
In some animals, the perivascular ring of edema became intensely packed with 
lymphocytes, so that a crown of cells surrounded the medium-sized vessels. 
times this was seen around the bronchi and occasionally the intervening air sacs 


contained a similar exudate. 

To sum up, the acute reaction found in the lungs of animals exposed to 
chlorine consisted mainly in an intense congestion with edema and capillary 
thrombosis. Animals surviving a longer period showed a pulmonary infiltra- 
tion of inflammatory cells mainly lymphocytes. The acute capillary thrombosis 
appears of importance in the acute deaths when the concentration of the gas is 
great. The intense pulmonary edema obtained by abstracting a thin serum from 
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the pulmonary blood vessels causes an alteration in the quality of the blood and 
an increase in its viscosity. This dense blood tends to clot spontaneously and 
is also influenced in this more rapid clotting by the presence of chlorine within 
the lung. These two factors, increased viscosity and capillary thrombosis, im- 
pede the ready flow of blood through the lung and lead to a fall in the arterial 
blood pressure. ‘Thus, acute chlorine gassing differs materially from other 
forms of asphyxia. 

Further studies are in progress with particular attention to the subacute 
and chronic types of death. I am indebted to L. E. Ramsey for practical assist- 
ance in this work. 
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BLOOD PICTURE FOLLOWING EXPERIMENTAL SPLENECTOMY* 
By G. Orr, M.D., RosepaLe, KANSAS. 


N most instances the recent reports in the literature on the blood changes in 

man and animals following splenectomy have shown a decrease in the ery- 
throcytes and hemoglobin and an increase in the leucocytes. These changes have 
shown considerable variation both as to extent and the length of time which 
they last. 

As early as 1878 Picard and Malassez' made observations upon the blood 
of splenectomized dogs. Their results have shown a diminution in the quantity 
of hemoglobin but no change in the number of the erythrocytes. Paton? and 
his co-workers concluded that removal of the spleens of dogs, cats, and rab- 
bits had no influence upon the number of blood corpuscles. The experiments 
of Zesas* showed an increase in the white and a decrease in the red elements, 
the changes lasting until other organs assumed the functions of the spleen. 
Winogradow,* writing in 1882, states that there is no notable increase in the 
white corpuscles in splenectomized dogs. Blumreich and Jacoby,’ of Berlin, 
found a leucocytosis in almost all instances following removal of the spleen in 


guinea pigs. The results of Nicolas and Dumoulin® following experimental 


splenectomy have shown an increase in the number of the white cells which re- 
turn to normal after several months, an immediate diminution of lymphocytes 
followed by a passing increase with later a marked fall, very little change in the 
polymorphonuclears and a marked eosinophilia in only one dog. Among more 
recent workers Noguchi’ reports a case of extirpated spleen with a large abdom- 
inal lipoma, in which, after ten months, there was a diminution in polymorpho- 
nuclears and an increase in the eosinophiles. Kreuter’s* case of splenic rup- 


*From the Department of Surgery, University of Kansas. 
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ture in a boy of seventeen showed a marked anemia and an enormous hyperleu- 
cocytosis eighteen days after splenectomy. At the end of six weeks the blood 
picture was again normal. Musser and Krumbhaar,® in their experiments upon 
dogs, conclude that, after splenectomy, anemia usually develops quickly and 
reaches its height in from three to six weeks, approaches normal after three or 
four months and returns to normal in five to ten months. There is a marked 
leucocytosis which is highest twenty-four hours after operation and remains 
to a slight degree for several months. They found that some variation from the 
above sometimes occurred but the anemia was inevitable. Lymphocytosis was 
not found in their series. 

In a series of twelve rabbits we have made observations on the blood both 
before and after splenectomy. In the first four, the erythrocyte and platelet 
counts, hemoglobin estimation and coagulation time were made (Table I). {n 


TABLE I. 


A Typrcat Tasie, SHow1nc Rep Ceti Counts, HEMocLoBIN EsTIMATIONS, PLATELET CouNTSs, 
AND COAGULATION TIME BEFORE AND AFTER SPLENECTOMY. 


Days before | Erythrocyte Hemoglobin | Platelet | Coagulation 
Splenectomy Count | Count | Time | 
14 5,680,000 80 | 1,032,000 6 min. 
DAYS AFTER | 
SPLENECTOMY 
6 4,220,000 75 1,384,000 6 se 
12 4,500,000 85 1,664,000 5% “ 
18 4,120,000 75 1,488,000 5% “ 
25 4,740,000 75 1,196,000 5%“ 
31 4,330,000 75 1,364,000 7% “ 
60 5.500,000 85 6% “ 
90 5,992,000 85 


every instance an anemia was produced which appeared on or before the sixth 
day after operation. The change in hemoglobin corresponded very closely with 
the change in the erythrocytes. In rabbit No. 1 there was still an anemia on 
the sixtieth day. This rabbit died a few days later of some intestinal disease 
which may have accounted for its prolonged anemia past the sixtieth day. Th- 
red cells and hemoglobin of rabbits Nos. 2 and 3 reached normal by the sixtieth 
day. The erythrocytes and hemoglobin of the fourth rabbit were normal on the 
seventy-eighth day. When technical errors are taken into consideration, no 
definite or constant change was found in the number of platelets or coagulation 
time before and after the spleen was removed. In the remaining eight rabbits 
leucocyte and differential counts were made. In half of the number the average 
leucocyte count was greater after splenectomy and in the other half the count 
was greater before splenectomy (Tables II and III). Counts made within the 
first six days after operation showed an increase in four animals and a decrease 
in the other four when compared to the average counts before splenectomy. In 
the differential counts the polymorphonuclear neutrophiles showed very little 
change. There was a slight average increase in five, in four of which there was 
a corresponding average increase in the total white cell count: In six of the 
eight rabbits the average lymphocyte count was less after splenectomy. In every 
instance there was an average increase in the number of the large mononuclear 
elements. The transitional forms showed an average increase in four of the 
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TABLE II. 
\ Typicat Tasie, SHowING LEucocyTE COUNTS BEFORE AND AFTER SPLENECTOMY. 
Poly- 
Days before Leucocyte | nuclear Lympho- Large Transi- Eosino- Baso- Uniden- 
Splenectomy Count | Neutro- cytes Mono- tionals philes philes tified 
17 4,5€0 35 56.5 a5 35 1 5 1.5 
14 5.720 | 50 32 11 2 1 3 1 
2 4.880 43.5 40 6.5 5.5 0 4 0.5 
1 5720 ;| # 35.5 §:5 0.5 0.5 
| 41 75 4d 0.6 a2 
Splenectomy | 
9.860 | 7 1.5 3.5 OS | O | 
2 8.040 6 12 8 | | 4 | 0 
4 6200 33 50 14.5 1 0 15 | O 
6.100 | 385 38 14 6 | o | 3 | O5 
10 3.520 | 70 17.5 5.5 3 0 | 4 | 0 
18 3.200 62 17 8 7 05 | 5 | 0.5 
25 3.800 565 | 2 13 75 | OS | O5 0 
32 7,760 38.5 | 33 18.5 6 | 0 | 4 | 0 
60 6240 | 69 14 14 25 | 1 | 3 | 0.5 
826.720 | 46 | 85 a 1 
‘Sine | 6144 | 27 | 47 | 3 26 | 


Splenectomy 


ITI. 


SUMMARY OF LEUCOCYTE AND DIFFERENTIAL COUNTS BEFORE AND AFTER SPLENECTOMY. 


Average counts Poly- | = 
No. of before and Leucocyte nuclear Lymph- | Large Transi- | Eosino-| Baso- | Uniden- 
Rabbit after Count Neutro- |  ocytes | Mono- tionals | philes | philes tified 
-5 Before 9,200 | 22 | 0 
After 11,571 56.2 25.5 10.9 6 a oe.) 2 
6 Before 17,025 47.7 21.7 | 102 22 | 15 | 167 | 2 
After 11,873 41 33.5 12.6 Le 1 9.3 0 
7 Before 7,866 52.3 25 6.1 28 Oo | 121 / 11 
After 6,490 61.6 19.7 | 8.6 5.3 0 3.8 0 
8 Before 5,220 44.1 41 75 | 41 | 8 
After 6,144 24 4.7 2.6 0 
9 Before 7,220 55 27.7 as | a5 0 
After 8,557 60.4 209 | 62 | 19 | 6 8 0 
10 Before 9.900 41.5 3% 27 | 32 | 0 
After 10,507 445 | 295 | 14.1 | 27 | 4 84 | a 
11 Before = || 442 | | | 
After 8,871 442 | 375 | 3 | 5. 
| | | | | | 
12 Before 10,650 50.5 | 37.7 | 42 0.5 ae | 6. | O 
After 9,162 46.8 296 | 13.6 1.5 a 51 | © 


eight counts, a decrease in three, and no change in one. Very few eosinophiles 
were found in any of the counts and no definite change could be noted in these 
cells. The basophile counts showed an average increase after splenectomy in 
three rabbits and a decrease in the remaining five. 

From the above experiments the following conclusions may be drawn: 

1. There is always an anemia produced in rabbits by splenectomy which 
has a duration of sixty or more days, after which time the red blood count and 
hemoglobin return to normal. 
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2. There is no definite change produced by splenectomy in the platelet 
count and coagulation time. 

3. Changes in the total white cell count produced by removal of the rab- 
bit’s spleen are not constant. The same conclusion applies to the elements in 
the differential counts with the exception of the large mononuclears which were 
increased in every instance after splenectomy. 
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LABORATORY METHODS 


i, A REVIEW OF MOSENTHAL’S WORK ON THE MEASUREMENT 
OF THE RENAL FUNCTION* 


By C. D. Curistit, M.D., CLEVELAND, Onto 
HE work of Mosenthal' was suggested by the observations of Hedinger and 


Schlayer® that the response of the kidney to a full diet containing a reason- 
able amount of fluids, salt, and purins varies quite markedly in health and disease. 


In these observations the urine voided every two hours was measured, its specific 

; gravity taken, and the salt content determined. [From the results it was apparent 
that the normal kidney reacts in a wholly different manner from one that is the 

[ seat of a disease process. It was demonstrated that the normal kidney could 


excrete a urine of either high or low concentration, depending upon which was 
necessary at any given time to maintain a normal equilibrium between salts and 
fluids in the body. In certain diseased conditions of the kidney, on the other 
hand, this relation became disturbed and there was a tendency on the part of 
the kidneys to excrete a urine in which the specific gravity and the percentage of 
; . salt excretion remained more constant in the two-hour periods. This tendency 
: toward fixation of the specific gravity in certain kidney diseases represents the 
, basis of the test of renal function. Mosenthal has extensively elaborated the 
: method, shown its numerous possibilities and with the renal test meal has sup- 


plied a most satisfactory and practical procedure for the study of kidney func- 
tion. Recently Mosenthal' has recorded the results which he has obtained from 
: the study of a great variety of kidney lesions, by the use of a so-called “test 
meal” as an index of renal function. Our experience with it prompts us to write 
a review of the work of Mosenthal and to impress the value and practicability of 
the test meal in all routine studies on suspected kidney diseases. We believe the 
information derived from the careful use of the test meal is much more ex- 
tensive than it is possible to acquire from any other method for studying kidney 
function. 
The method can be carried out quite satisfactorily with the expenditure of 
a very small amount of time. When carefully performed and properly inter- 
preted it undoubtedly represents the most satisfactory procedure for the study 
of renal function. One is not justified in recommending this method to the ex- 
clusion of all others, but when the information which is derived from the test 
meal is considered along with that gained by the phenolsulphonphthalein test 
and with accurate clinical observations, much more can be said diagnostically 
and prognostically than from the use of a single method. It is a test which has a 
greater range of possibilities than any of the methods based upon the ability of 


*From the Medical Research Laboratory, Lakeside Hospital, Cleveland, Ohio. 
'Mosenthal: Jour. Am. Med. Assn., 1916, Ixvii, 933; Arch. Int. Med., 1915, xvi, 733. 
*Hedinger and Schlayer: Deutsch. Arch. f. klin. Med., 1914, exiv, 120. 
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the kidney to excrete a single dye or a salt. The numerous procedures which 


depend upon the measurement of the degree of retention of various non-nitrog- 
enous substances in the blood are not as practical because of the necessity of 


greater technical skill. The kidney is such a selective organ and its functions so 


diversified that information gained from one angle alone may be grossly mislead- 
ing. 

The basis of the test diet, as elaborated by Mosenthal, depends upon placing 
the subject to be studied upon a diet sufficiently varied in nitrogenous substances 
and salt to give an adequate test of the eliminative ability of the kidneys. The 
diet as recommended by Mosenthal with his complete instructions will be given 
in full, but if it is not practicable to carry out the test as advised, certain modifica- 


tions may be made. These modifications will be discussed further along in the 


paper. 
Directions for the Nephritic Test Meal—vThe following is the standard test 
meal in use in Lakeside Hospital, which follows that recommended by Mosen- 


thal: 


All food is to be salt-free food. 
All food or fluid not taken must be weighed or measured after meals and a record kept. 


No food or fluid of any kind is allowed between meal times. 
Mishaps or irregularities that occur in giving the diet or collecting the specimens must 
be noted. 
Breakfast, 8 A.M.: 
Boiled oatmeal, 100 gm.; sugar, 1 to 2 teaspoonfuls; milk, 30 c.c. 
Two slices bread (30 gm. each) ; butter, 20 gm. 
Coffee, 160 c.c.; sugar, 1 teaspoonful; milk, 40 c.c. 
Milk, 200 c.c. 
Water, 200 c.c. 
Dinner, 12 Noon: 
Meat soup, 180 c.c. 
Beefsteak, 100 gm. 
Potato (baked, mashed, or boiled) 130 gm. 
Green vegetables as desired. 
Two slices bread (30 gm. each) ; butter, 20 gm. 
Tea, 180 c.c.; sugar, 1 teaspoonful; milk, 20 c.c. 
Water, 250 c.c. 
Pudding (tapioca or rice), 110 gm. 


Supper, 5 P.M.: 
Two eggs cooked any style. 
Two slices bread (30 gm. each); butter, 20 gm. 
Tea, 180 c.c.; sugar, 1 teaspoonful; milk, 20 c.c. 
Fruit (stewed or fresh), 1 portion. 
Water, 300 c.c. 


8 a.m. No fluid or food is to be given during the night or until 8 o’clock the next morn- 
ing (after voiding), when the regular diet is resumed. 

Patient is to empty bladder at 8 a.M., and the end of each period, as indicated below. 
The specimens are collected for the following periods in properly labeled bottles: 8 A.M. to 
10 a.m.; 10 a.m. to 12 N.; 12 N. to2 P.M.;2 P.M. to 4 P.M.; 4 P.M. to 6 P.M.; 6 P.M. to 8 P.M.; 
8 p.m. to 8 a.m. If specimens are not examined at once, a preservative such as thymol or 


chloroform should be added, or specimen should be kept in ice box. 
The salt is furnished in weighed amounts in three capsules, each capsule containing 2.3 


grams of salt. One capsule for each meal. 
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This meal contains about 3.4 grams of nitrogen, 8.5 grams of salt inclusive 
of the 2.3 grams given in each capsule, 1760 c.c. of fluid and considerable purins. 
This diet is given to the patient for one full day, during whtch-the specimens are 
collected every two hours. Each specimen of urine is accurately measured and 
the specific gravity determined. The night urine is saved in one twelve-hour 
specimen and its amount and specific gravity determined. At the termination of 
the test, the twenty-four-hour urine has thus been-collected in six two-hour 
specimens and one twelve-hour specimen. Nitrogen and total sodium chloride 
are determined in the total day specimen and the total night specimen, the results 
being then balanced with the intake. If the diet as here given has been taken in 
its entirety, the final balancing is much simplified. If it has not all been taken, 
accurate weights must be had of the portions that were refused. The above diet 
has been worked out primarily for the use of hospitals where all the necessary 
chemical procedures can be conducted. If the exact diet can not be supplied 
in the home, certain modifications may be made without interference with the 
value of the test, so long as it contains enough salt, nitrogen, and purins to give a 
proper test of kidney function. In such cases it is well to have the patient record 
on a slip of paper what was eaten at each meal so that there is no doubt as to 
the amount that was taken. It is desirable also to keep account of the amount of 
water and fluids taken at each meal. The urine is collected in exactly the same 
way as in the directions given above and the amount of each specimen and the 
specific gravity determined. If patients are irrational and have involuntaries, 
the mere collection of two-hour specimens and determining the specific gravity 
will yield very valuable information. 

Mosenthal says, “that great variations may be permitted in the above men- 
tioned directions but that certain ones must be followed slavishly, if the maximum 
results are to be obtained.”” The urine must be collected punctually every two 
hours, if it is possible; if not, the urine should be voided at the end of the next 
two-hour period. 

Two or three important points must be kept in mind in the examination of 
all specimens: the characteristics of the day urine, and night urine, and the 
specific gravity of each individual specimen; the quantity of the individual speci- 
mens of the day urine, and the quantity of the night urine. 


THE NORMAL URINARY RESPONSE TO THE NEPHRITIC TEST MEAL, 


Only one of the tables, showing the normal urinary response to the renal 
test meal, will be given as it will serve as an example to point out the things to 
be borne in mind in passing judgment on subsequent reactions, or those show- 
ing a deviation from the normal. Usually in normal individuals there is a slight 
diuresis immediately following each of the meals. This was well marked in the 
observations of Hedinger and Schlayer,” but it has not been so prominent in the 
normal reactions to the nephritic test meal in Mosenthal’s series. In the reaction 
given in Table I, there is no diuresis following breakfast, but there is a slightly 
delayed diuresis following each of the other meals. 
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TABLE I. 
NORMAL 
TIME AMT. SP. GR. SODIUM CHLORIDE NITROGEN 
GM. GM. % 
8-10 75 1.017 0.7 94 1.008 1.34 
10-12 261 1.006 1.67 74 1.196 46 
2-2 530 1.000 1.96 37 1.44 27 
2-4 194 1.013 1.67 86 1.227 63 
4-6 135 1.017 1.16 86 1.036 76 
6-8 395 1.003 1.42 35 1.327 34 
Total day 1590 8.38 7.234 
Night &-8 290 1.021 1.68 58 3.717 1.28 
Total 1880 10.26 10.951 
Intake 1760 8.5 13.4 
Balance -120 1.76 57 


The important points in this normal reaction are as follows: 


. A night urine of under 400 c.c. in quantity. 
. .\ positive balance of fluid to the body of not over 400 c.c. 
3. Variation of the specific gravity of the day specimens of ten points or 


l 
2 


more and a night urine with a specific gravity of 1.016 or over. 
4. Excretion of all of the ingested salt. 
5. An output of 90 per cent or more of the ingested nitrogen through the 


kidney and a night urine containing more than 1 per cent of nitrogen. 


Nocturnal polyuria represents, in the majority of instances, the first mani- 
festation of a failure on the part of the kidney to properly perform its function. 
As the power of the kidney to concentrate the urine begins to fail, more water 
must be excreted to rid the body of salts; consequently, a gradual increase in the 
frequency of urination during the night should in all cases be viewed with suspicion. 
Mosenthal has shown when normal individuals are being observed for their reac- 
tion to the renal test meal, the night urine never exceeds 400 c.c. If, however, 
an extremely small amount of fluid or food is taken after 5 p.m. the output be- 
comes greater. Of the ingested fluids, by far the largest amount is given off as 
urine, some, however, is lost by respiration, sweat, and feces, and some is retained 
by the body to maintain its normal water balance. Normal individuals may show 
a marked diuresis on this diet and will lose all of the ingested fluids, beside some 
from their body. As a general rule most normal patients retain with this diet up 
to 400 c.c. of fluid; consequently, any retention over 400 c.c. should be looked 
upon as abnormal. The specific gravity in the daily two-hour specimens and 
night specimen from normal kidneys show a variation in the specific gravity of 
10 points, unless water has been unduly restricted. This ability on the part of 
the kidneys to excrete a urine of either high or low specific gravity, depending 
upon which is necessary to maintain the normal fluidity of the body, is distinctly 
an indication of unimpaired renal function. The salt excretion in normal in- 
dividuals upon this diet is usually slightly in excess of the intake. The reason 
for this slight salt excess in the excretion is due to the mild diuresis that is pro- 
duced by the renal test meal. About 90 per cent of ingested nitrogen is excreted 
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in the urine, the remainder escapes through the sweat and feces; consequently, 
subjects with normal kidney elimination will have a positive balance of from 1.5 
to 2 grams of nitrogen on this diet. The night urine will contain more than 1 
per cent of the total nitrogen output, in subjects without any fixation of the 


specific gravity. 


THE URINARY RESPONSE TO THE TEST MEAL IN DISEASE. 


When the kidney has become the seat of a nephritis, the flexibility of the 
organ becomes impaired and this impairment is manifested by an inability to con- 
centrate the urine. It must also be borne in mind, that the inability to concen- 
trate the urine is not alone the manifestation of a diseased kidney, but that many 
other conditions give rise to the same phenomena. Mosenthal has observed fixa- 
tion of specific gravity in nephritis, pyelitis, cystitis, associated with prostatic 
hypertrophy, hydronephrosis, pyonephrosis, polycystic kidneys, renal congestion 
due to cardiac decompensation, diabetes insipidus, and severe anemias. 

Table II gives Mosenthal’s data of the specific gravity in the specimens ob- 
tained in the above mentioned conditions, when patients are put on the test 
nephritic diet. This is a representative list from the Table as compiled by 


Mosenthal. 


TABLE IT. 
CASE SPECIFIC GRAVITY DEGREE OF VARIATION 
OF SPECIMENS IN READINGS 

Normal 16-19-12-14-20-10 10 
Incipient primary 

* contracted kidney 09-14-09- 10-14-06 8 
Advancing primary 

contracted kidney 19-20-20-20-21-20 2 


Advanced primary 


contracted kidney 11-11-10-11-11-11 1 
Incipient chronic 

diffuse nephritis 09-16-15-17-12-07 10 
Advanced chronic 

diffuse nephritis 12-11-14-11-13-11 3 
Congested kidney; 

myocardial decomp. 18-20-19-18-20-21 3 
Polycystic kidney 10-10-10-11-10-10 1 
Marked anemia 10-10-10-10-10-11 1 
Diabetes insipidus 04-04-06-04-04-04 2 
Cystitis, pyelitis, 

prostatic hypertrophy 10-10-10-10-11-11 ] 
Pyonephrosis 11-12-12-13-12-12 Z 


Table III represents the response of a case in Mosenthal’s series, with 
marked myocardial decompensation, to the nephritic test meal. The urine output is 
extremely small; the night urine is slightly under normal in amount. There is a 
marked positive fluid balance, showing that the patient was accumulating an 
edema. There is fairly marked fixation of the specific gravity; it is, however, 
fixed at a high point, showing that the kidneys still had power to concentrate the 
urine. The salt retention here is also quite consistent with the usual findings in 
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TABLE III. 


REACTION TO THE TEST MEAL IN MARKED CARDIAC DECOMPENSATION. 


SODIUM CHLORIDE 


TIME OF DAY URINE SP. CR. NITROGEN 
c.c % GM. % GM. 

8-10 65 1.025 

10-12 So 1.024 

12-2 51 1.024 

2-4 49 1.025 

4-6 37 1.024 

6-8 57 1.021 

Total day 312 0.58 1.81 4.77 

Night 8-8 172 1.021 0.42 0.72 67 2.87 

Total day 484 253 7.64 

Intake 995 7.00 9.40 

Balance +511 4.47 +1.76 


this type of case, where there ‘s a rapidly accumulating edema, and the salt is 


needed to sufficiently concentrate the fluid retained. 


perfectly normal. 


The nitrogen excretion is 


Table IV shows the reaction of an Advanced Hypertensive Nephritis, in our 


series, to the Test Meal. 


TABLE IV. 


REACTION TO THE TEST MEAL IN ADVANCED HYPERTENSIVE NEPHRITIS. 


SODIUM CHLORIDE 


NITROGEN 


TIME OF DAY URINE SP. GR. 
ce. % GM. % GM. 
10-12 145 1.009 ‘ 
12-2 123 1.009 
2-4 150 1.009 
4-6 115 1.010 
6-8 78 1.007 
Total day 690 27 1.87 0.36 2.48 
8-8 695 1.009 28 1.92 0.40 2.81 
Total 24 hours 1385 3.79 5.29 
Intake 1460 5.70 9.11 
+75 1.91 +3.82 


Balance 


The marked fixation of the specific gravity, the greatest variation being but 


three points in all of the specimens, and the constancy of the urine output in each 
two-hour periods, will be observed. There is quite a marked nocturnal polyuria ; 
this is usually one of the earliest manifestations of an hypertensive nephritis, and 
becomes especially marked in the late case. The salt reaction is perfectly normal. 
From the large positive nitrogen balance in this case there is evident nitrogen re- 
tention, which is very characteristic in the advanced cases of hypertensive 


nephritis. 

Table V shows the response of kidneys that were the seat of a chronic dif- 
fuse nephritis. The daily specimens are small in amount, with an evident noc- 
turnal polyuria. There is marked water and salt retention. This patient, like 
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TABLE V. 


REACTION OF CHRONIC DirrusE NEPHRITIS TO THE TEST MEAL. (MOSENTHAI..) 


SODIUM CHLORIDE 


TIME OF DAY JRINE SP. GR. 


Cx. % GM. % GM. 
8-10 32 1.025 
10-12 
12-2 54 1.024 
2-4 64 1.033 
4-6 64 1.028 
6-8 66 1.030 
Total day 280 0.18 0.50 1.91 5.34 
Night 8-8 595 1.016 0.08 0.48 0.93 5.53 
Total 24 hours 875 0.98 10.87 
Intake 1760 8.50 13.40 
Balance +885 +7.52 


the preceding one, was accumulating an edema. The concentration of the in- 
dividual urine specimens is high, and there is a fixation of the specific gravity. 
In some cases there may be very severe nephritis without such a marked fixation 
of the specific gravity. It is in the chronic diffuse nephritis that the fixation of 
the specific gravity is equivocal ; for example, in one case of early diffuse nephritis, 
the following specific gravities were noted: 1.016, 1.015, 1.005, 1.008, 1.015, 1.014, 
and 1.017. In certain instances, as in this case, if it were not for the clinical evi- 
dence that the patient was accumulating an edema, this response to the test meal 
would have doubtless been hard to differentiate from one which was perfectly nor- 
mal. The nitrogen excretion in this case is perfectly normal. The most important 
point to observe is the high nitrogen excretion with a nocturnal polyuria. In the 
hypertensive nephritis, there is a marked nocturnal polyuria with a low nitro- 
gen excretion, i.e., much under 1 per cent. In the chronic diffuse nephritis the 
nocturnal polyuria may be quite evident but the nitrogen excretion follows it very 
closely in trying to maintain a 1 per cent average. 

The response to the nephritic test meal in the case of chronic diffuse nephritis 
may simulate very closely that obtained in a myocardial decompensation. The 
main points of differentiation are the physical examination, the nocturnal polyuria, 
and the fixation of the specific gravity. ; 

The cases with myocardial insufficiency have no nocturnal polyuria, and the 
specific gravity is usually fixed at a high point. The chronic diffuse nephritis has 
marked nocturnal polyuria and may or may not have fixation of the specific grav- 
ity, but if it is fixed it is usually at a lower point. Mosenthal has shown that 
myocardial decompensation cases vary in their reaction to the test meal, depend- 
ing upon whether they are decompensating with an accumulating edema, or 
whether the edema is disappearing, or shortly after it has disappeared. 


SUMMARY. 


The test as carried out represents a study of specific gravity, salt, nitrogen, 
and water excretion on two-hour specimens during the day and twelve-hour urine 
for the night period. Normal individuals yield utine specimens which vary 10 
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points or more in the specific gravity. The volume of the night urine never rises 
above 400 c.c. The specific gravity is usually 1.016, or above, and the nitrogen ex- 
cretion over 1 per cent. When kidney function becomes impaired it is first mani- 
fested by a rise in the excretion of the night urine; i.e., the night urine exceeds 
400 c.c. and the nitrogen excretion becomes lower than 1 per cent. In severe 
cases of chronic nephritis the specific gravity becomes markedly fixed both in the 
day specimens and the night urine. The fixation of the specific gravity usually 
occurs at a very low level. Such changes are not alone confined to nephritis, but 
may occur in other conditions; pyelitis, cystitis, hypertrophied prostate, marked 
anemia, pyonephrosis, polycystic kidney and diabetes insipidus. It will appear 
evident that the cause of the deviation from a normal reaction to the test meal 
must be sought in either the blood, kidneys, or the urinary passages. 

Finally the test meal represents a rather elaborate study of many phases of 
kidney function. However, it is not a complicated procedure, and is one that 
lends itself very nicely to the needs of the busy practitioner. 


A THERMOSTAT FOR A WATER-BATH 


By Mixes J. Brever, M.D., Lincoin, NEB. 


| N a past issue of the Journal, the writer described a thermostat for a laboratory 
water-bath for the inactivation of vaccines and serums and the incubation of 
biologic reactions. ‘The thermostat consisted of capillary tubes and bulbs con- 
taining mercury; at the proper degree of temperature the mercury made a con- 
tact with a platinum-pointed wire, thereby operating a relay which broke the cir- 
cuit of the heating element. ‘This thermostat was very accurate when in good 
order, but had the following disadvantages: it was difficult of construction for 
one not experienced in glass working and electrical work; it was very compli- 
cated, easily got out of adjustment, took up a large amount of space, and the ad- 
hering of the mercury to the sides of the capillary tube and consequent inter- 
ference with accuracy was very difficult to avoid. The writer has, therefore, 
worked with a number of different forms of thermostat, with a view to find- 
ing one which is readily made, compact, and not easy to get out of adjustment. 
The two described here have been found, upon use for some time, to fulfill these 


requirements. 
The first one that was found serviceable is illustrated in Fig. 1. It consists 


of a two-ounce flat ointment can of tinned sheet iron, a very familiar object to 
the drug dispenser. The lid was soldered on around the entire circumference, 
so that the can was completely sealed, and capable of withstanding some internal 
pressure. A few cubic centimeters of ether are sealed in the can, being intro- 
duced through a pin-point opening which is then soldered up. This is done after 
the rest of the soldering on the instrument is finished, but is mentioned first in 


order to make the principle clear. 
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The warming of the drum vaporizes the ether and creates a pressure, which 
raises the upper surface of the drum, raising in turn the upright C, lifting the 
contact at H from the fixed arm BDG, and breaking the heating circuit. B is 
a heavy piece of brass soldered to the side of the drum, and bent at right angles 
at F. At F, a piece of heavy red fiber material D (such as is used by surgeons 
for splints or by electricians as an insulator) firmly riveted, so that it is parallel 
to the top of the drum, and its end extends over the central point of the upper 
surface of the drum. On the end of the fiber piece, at G, is riveted a piece of 


Spring brass 


Ebonite 
Ww @ 
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The 
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Fig. 2. Fig. 3. 


brass, which carries the platinum contact-point, and the wire-connector, E. The 
upright piece, C, is soldered by its bent base to the central part of the drum’s 
upper surface. To its upper end is screwed a block of oak (or of some insulat- 
ing composition) ; and through it is put the contact screw with milled head for 
thumb adjustment. It is preferable that the thread of the screw catch in the 
block, so as to hold it steadier. This makes the adjustment more accurate. 
Above the block, a nut is threaded on the screw, carrying the wire-connector, E. 
The purpose of the block and the fiber strip is to prevent short-circuiting, and 
grounding of the current in the water. The piece J was soldered on the drum in 
order that the instrument may be firmly attached to the side of the containing 
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vessel. The entire apparatus was given a heavy coating of copper in an elec- 
tric bath, to prevent corrosion in the water-bath. 

Another thermostat which was found to be simpler and more easily con- 
structed, though not quite so accurate, is shown in Fig. 2. It consists of a bar 
of two substances with different coefficients of heat expansion, fastened rigidly 
together, fixed vertically to the bottom of the vessel containing the water. At 
first we used a bar of spring-brass and ebonite, riveted together with numerous 
rows of rivets, placed as close together as possible. Later, a bar was made by 
soldering together a strip from a large clock-spring, and a piece of copper. Both 
forms worked equally well. The upper end projects from the water, so that the 
portion where the connections and contacts are made, is not in danger of becom- 
ing wet. A block of ebonite or fiber E, is riveted to the end of the bar to furnish 
an insulating base on which to mount the contact and thereby prevent grounding 
of the current in the water. The wire is led to this, through a loose coil of 
soft wire, Il’, in order that the motions of the bar may not be interfered with. 
The platinum contact is carried on a small plate of brass on the surface of the 
fiber or ebonite, to which plate the connecting wire is also soldered. 

The contact screw is mounted as shown in the illustration, on a bracket of 
ebonite, fiber, or hard wood, or some insulating material, to prevent grounding 
of the current. 

Both of these pieces of apparatus are easily constructed. If the laboratory 
worker is not able to do the soldering and riveting himself, a machinist will do it 
for him at a very small cost. The copper-plating required in the case of the 
apparatus of lig. 1, is a very simple procedure for a laboratory furnished with 
a source of direct current, or, a plater will do it for a few cents. The conven- 
ience afforded by the possession of an apparatus of this sort will more than repay 
even the small laboratory for the trouble or cost entailed in its construction. Fig. 
3 shows the connections recommended for the thermostat and water-bath, includ- 
ing a condenser to prevent excessive sparking at the point where the contact is 


broken. 
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EDITORIALS 


The Composition of the Alveolar Air and the Respiratory 
Dead Space 


HE, importance of the estimation of the gaseous composition of the alveolar 

air is emphasized by the numerous recent papers in which the tension of 
the alveolar gases forms a basic figure in the data from which the conclusions 
are drawn. One has only to consider what a hair-trigger mechanism the res- 
piration is to appreciate what gross changes may take place from moment to 
moment in the air within the lungs. When we swallow, talk, perform a pre- 
cise movement, or when the attention is directed to the respiration, we uncon- 
sciously change the type of breathing. This affects the composition of the alveo- 
lar air to a greater or less extent. The theoretic factors which must be con- 
sidered in a method to estimate the composition of the alveolar air are easily 
determined, but to produce a method which conforms to the theoretic require- 
ments and at the same time is practical because of the personal factors, is one 
of the most difficult problems which confronts the physiologist. 

The simplest method which has been devised to determine the tension of 
the alveolar gases is that of Haldane and Priestley, which consists in having a 
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person with his nose clamped breathe through a piece of hose pipe about a meter 
long, furnished at the end next the mouth with a side tube leading to an evacu- 
ated gas-sampling tube of about 50 c.c. capacity. After the person has become 
accustomed to breathing through the tube, he is asked to make a forced expira- 
tion and at the end of it to close the mouth-piece with his tongue. At this mo- 
ment the operator immediately opens the tap of the sampling tube and air 
rushes in from the tube through which the person has expired. This sample 
evidently represents air which has been in the alveoli. Its percentage com- 
position is then determined by analysis. Since the tension of the alveolar gases 
changes on account of the diluting effect of the inspired air, it is necessary to 
take two samples, one from the expiration following a normal inspiration and 
one from a forced expiration following a normal expiration. The average of 
the percentages found for each gas is supposed to give the mean percentage of 
the gas in the alveolar air. 

On account of the difficulty in having patients, especially children, assist 
properly in this method, others have been devised, of which the simplest per- 
haps is that of Fridericia, which consists in expiring forcibly through a specially 
constructed U-tube and then analyzing the sample of the air remaining in the 
tube. The method has been described fully in an earlier number of the Journal. 
Henderson and Morriss' have recently proposed an excellent modification of the 
Haldane-Priestley method for obtaining the alveolar sample. In the latter 
method they point out that one of the chief difficulties lies in the fact that un- 
trained subjects are apt to take a deep inspiration before they make the forced 
expiration. In order to obviate this difficulty, Henderson and Morriss, have 
devised an instrument, which consists of a glass tube of moderate bore at the 
lower end and of small bore at the upper end, with a small bulb cennecting the 
two tubes. The lower end fits loosely into a large-necked bottle containing « 
little acidulated water. The upper tube is connected with a mouth-piece by a 
small rubber tube, which can be closed with a Mohr clip. The subject is in- 
structed to take a normal breath through the tube and then to expire forcibly. 
In doing this he sucks a little water into the tube, but since the bottle contains 
insufficient water to fill the tube, air is sucked in with some resistance. This 
slight resistance and the bubbling of the air passing through the water tend to 
prevent the subject from taking more than a normal inspiration; and when the 
forced expiration is made, the last part of it is caught by closing the upper 
end with the pinchcock, the water automatically closing the lower end. The 
air in the tube is then analyzed. 

Another method which has been extensively used for clinical purposes is 
that of Plesch, which consists in having the person breathe several times in and 
out of a bag. It is assumed that after such respiration the composition of the 
air in the bag will become the same as that in the alveoli. Although there is no 


doubt that this is true, yet it has been shown that the method is fallacious on ac- 
count of the fact that the carbon-dioxide tension thus determined is not that 
of the arterial blood, but rather approaches that of the venous. 

The principle used in the Haldane-Priestley method, and in its various modi- 
fications, has been severely criticized by Krogh and Lindhard.? These authors 
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point out that the time required to expire forcibly is appreciable, and that during 
this time the percentage composition of the alveolar air is changing. Therefore, 
a sample taken from an expiration following a normal inspiration does not repre- 
sent the alveolar air at the end of inspiration, but at a time somewhat after that, 
when the oxygen tension is highest and the carbon-dioxide tension lowest in the 
alveolar air. The average obtained from the estimations of samples taken at 
the end of a forced expiration following a normal inspiration and expiration is, 
therefore, higher than the mean tension for carbon dioxide. They point out that 
this error is exaggerated when the rate of metabolism is increased, as during exer- 
cise, and they account in this way for the great increase in the capacity of the air 
passages found by Haldane and Douglas during the deep breathing of exercise. 
For this reason they believe that it is much better to calculate the composition 
of the alveolar air from the average composition volume of the expired air and 
the volume of the dead space, the latter figure, they assume, being fairly con- 
stant for persons of the same height and weight. In this view they are directly 
opposed to the teachings of the Haldane school that the dead space is a rapidly 
and constantly changing volume, and not an anatomic entity. Haldane and co- 
workers, in England, and Henderson and his pupils, in this country, did not ac- 
cept the criticism of Krogh and Lindhard, and they again championed the theory 
that the “virtual” or “physiologic” dead space varies with the size of the respira- 
tion, and that, therefore, all estimations of the tension of the alveolar gases based 
upon a constant dead space are of doubtful accuracy, and that the dead space is 
not an anatomic structure. Indeed, Haldane and Henderson both affirm that 
the dead space progressively increases up to over four hundred per cent in 
breaths of increasing volume until the maximum, and that the virtual, or physio- 
logic, dead space for carbon dioxide is less then that for oxygen. They account 
for this by assuming that the carbon dioxide is excreted by the bronchial tubes 
more rapidly than oxygen is absorbed. They also answered the criticism of 
Krogh and Lindhard in part by showing that in deep breathing alone the dead 
space is increased exactly as much as during exercise, and that, therefore, the 
error which increased metabolism introduces into the alveolar air determinations 
is not of vital importance. 

Krogh and Lindhard have recently repeated their earlier experiments and 
have confirmed their conclusions that the dead space does not vary appreciably 
when respirations of ordinary volume are made, and that only with the deepes 
respirations is the increase in the capacity of the air passages important. For 
example, they found that the increase in the dead space when respirations of 1500 
c.c. where made was slight, and that respirations of about twice this amount in- 
creased the capacity of the dead space by perhaps 100 c.c. This increase they 
believe to be due to the stretching of the bronchial tubes. They point out that 
the difference in their results and those of Haldane and Henderson in regard to 
changes in the capacity of the dead space is due to an error introduced by the 
fact that one of the basic figures in the formula which Haldane and Priestley use 
in the calculation of the dead space is the percentage of carbon dioxide excreted 
or oxygen absorbed in the lung air, which figure is obtained by the Haldane- 
Priestley method outlined above, and is accordingly higher than it should be. 
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The small increase in the size of the dead space which Krogh and Lind- 
hard found to occur during progressively increasing respiratory volumes, is of 
some interest. Their data show that the increase, small as it relatively is, becomes 
progressively greater as the volume increases. With respirations of moderate 
depth there is only a small increase in the capacity of the respiratory passages, 
and beyond this point the change becomes progressively greater. These investi- 
gators believe that their results show that the dead space is a real anatomic entity, 
consisting of what one may term the nontranspiratory portion of the lungs, that 
is, the upper respiratory passages and bronchioles. The increase they find in deep 
respirations they attribute to stretching of the bronchioles. A consideration of 
the data, which they plot as a curve, is, interesting from a mathematic standpoint, 
since it lends force to their argument. The walls of the bronchi and bronchioles 
are made up largely of elastic and smooth muscle tissue, which is extensible and 
responds to changes in pressure with equal degrees of expansion or contraction. 
As the respirations increase, the expanding force of the inspiratory movements 
of the thorax increases, the diameter of the bronchi and bronchioles enlarging 
by more or less equal increments according to the amount of the expanding force. 
The increase in the diameter or circumference is directly proportional to this 
force, but the area of the cross section of the bronchi increases progressively as 
the square of the diameter. This is more easily appreciated if one calls to mind 
the fact that the area of a circle is increased about 100 per cent when its cir- 
cumference is increased by 50 per cent, and about 400 per cent when its circum- 
ference is increased by 100 per cent. 

With this fact in mind, the relatite constancy of the dead space when the 
respirations are relatively small is at once explained, and the small. progressive 
increase observed by Krogh and Lindhard is, from a mathematic, as well as a 
physiologic, standpoint, to be expected. However, Henderson’ in a very recent 
paper still clings to the belief held by the English school, that the dead space is 
not an anatomic entity and that it is subject to great variations, and this latter 
point he considers Krogh and Lindhatd to have confirmed. In this he is wrong, 
for a 300 per cent increase in the value of the dead space found by Henderson 
with maximum respirations can not be interpreted as being confirmed by the 66 
per cent increase found by Krogh and Lindhard for maximum respirations. 
What is more important, however, is the fact that Henderson does not concede 
the point which Krogh and Lindhard make regarding the error in the Haldane- 
Priestley method for obtaining samples of the alveolar air, and it is upon this 
point that the difference between the Haldane and the Copenhagen schools rests. 
Krogh and Lindhard determine the capacity of the air passages indirectly by the 
use of an inert gas, such as hydrogen. Haldane believes that this method is not 
allowable. A few months ago, therefore, the question stood unsettled, the Eng- 
lish school, championed here by Henderson, believing the Haldane-Priestley 
method for determining the gaseous composition of the alveolar air to be fairly 
accurate and capable of use in determining the reactions of the respiratory 
center and the capacity of the dead space; the Danish school, on the other hand, 
believing it to be unreliable and especially so when the subject is untrained and is 


not completely resting and breathing normally. 
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It is a matter of some importance that this question be settled, as many most 
important physiologic and pathologic teachings have their foundation in the de- 
termination of the percentage composition of the alveolar air as determined by 
any of the numerous methods. Probably the Haldane-Priestley method is ac- 
curate enough for many types of investigations, but its personal and theoretic 
error is large, and any figures obtained by it are not capable of being interpreted 
save in a gross manner. ‘To be sure, Haldane and his coworkers have demon- 
strated by its use that there is a fair degree of constancy in the pressure of the 
alveolar gases under constant physiologic conditions, and gross changes have been 
shown to occur when the physiologic state of the body is changed as in exercise, 
at high altitudes, or in some diseases. However, when fine differences are sought, 
such as are required in studying the sensitivity of the respiratory center or the 
capacity of the dead space under various conditions in which the changes in the 
alveolar air are not gross, the Haldane-Priestley method is certainly disappoint- 
ing, and it contains other theoretic errors besides that pointed out by Krogh and 
Lindhard, as will be shown below. 

A moment’s consideration of the theoretic changes taking place in the 
alveolar air during the various phases of respiration reveals some very important 
and hitherto little emphasized facts, and it also reveals the source of some errors 
in the methods of alveolar air analysis. Krogh and Lindhard have settled be- 
yond question the fact that the partial pressure of carbon dioxide in the blood 
leaving the lungs and that in the alveolar air are practically identical. Barcroft 
has shown that the hemoglobin of the blood is practically saturated with oxygen 
at partial pressures of 65 to 70 mm., and that over 90 per cent of the oxygen is 
carried by the blood in this chemical combination. Bohr and, later, Christiansen, 
Douglas and Haldane have shown that the combination of carbon dioxide with 
blood is greater at low than at high partial pressures of carbon dioxide, this being 
brought about by the fact that carbon dioxide is held both in solution and in 
chemical combination in the blood; and, furthermore, blood will hold a greater 
amount of carbon dioxide under a given pressure of carbon dioxide in the ab- 
sence than in the presence of oxyhemoglobin, the difference being proportional 
to the amount of the oxyhemoglobin present. 

With these facts in mind, let us consider the changes which occur during a 
respiratory cycle. The cycle consists of two approximately equal phases, inspira- 
tion and expiration. During the cycle the blood delivers a certain amount of 
carbon dioxide to the air and in turn takes up a certain amount of oxygen from 
the air in the alveoli. The maximum fall in carbon-dioxide pressure in the alveo- 
lar air occurs during inspiration, for it is during this time that the whole dilut- 
ing atmospheric air is taken into the lungs. Since the evolution of carbon dioxide 
is relatively more rapid at low than at high partial pressures of carbon dioxide, 
it is clear that the greater amount of carbon dioxide is given off by the blood 
while the carbon-dioxide pressure is falling during inspiration, and that each 
volume unit of carbon dioxide produces less change in the pressure of the gas in 
an increasing volume of alveolar air than it does when delivered to a preceding 
volume, as is the case during the expiratory phase. In order that the volume 
of carbon dioxide actually given off by the blood to the alveolar air might be the 
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same during inspiration and expiration it would require the delivery of equal 
amounts of the inspired air to the alveoli during both phases of the respiration. 
Since this is not the case, it follows that the volume per cent of carbon dioxide 
held by the blood leaving the lungs during inspiration is less than that held during 
expiration. The maximum pressure of carbon dioxide in the alveolar air is pres- 
ent shortly after expiration and the minimum at the end of inspiration. Be- 
cause the evolution of gas is greater in amount and more rapid at low pressures 
than at high pressures of carbon dioxide, the mean pressure of carbon dioxide 
in the alveolar air is reached some time before the midpoint of expiration and 
after more than half of the carbon dioxide excreted during expiration has been 
evolved. 

From the above argument it is clear that the amount of carbon dioxide lost 
by the blood during inspiration is greater than that given off during expiration, 
and a larger fraction of the carbon dioxide is excreted at a pressure below mean 
than above mean. Any method, therefore, which attempts to estimate the mean 
per cent of carbon dioxide in the alveolar ait must be based upon a principle 
which takes into consideration the unequal rate of carbon-dioxide excretion dur- 
ing expiration. A sample of air taken at any point of an expiration can not 
give a correct value of the alveolar air save for the moment of sampling. Nor 
can averages be taken, as is done by the Haldane-Priestley method. Such pro- 
cedures, no matter how perfect the technic may be, give values considerably 
higher than the mean tension of carbon dioxide in the alveolar air. 

The case of oxygen, however, is different, for the absolute amount of oxygen 
which the blood holds when leaving the lungs is approximately constant, since 
under all ordinary conditions there is more than sufficient oxygen pressure to 
saturate fully the hemoglobin of the blood. The error Krogh and Lindhard point 
out as present in the Haldane-Priestley method for the estimation of carbon 
dioxide with regard to the time element will tend to make the oxygen percentage 
too low. The ratio of the volume of carbon dioxide excreted to the volume of 
oxygen absorbed by the blood, in samples of air taken at any time during the ex- 
piration, will accordingly be less than that obtained from a mixed sample of the 
expired air. 

In this fact lies the explanation for the Haldane-Henderson view that the 
dead space for oxygen is greater than that for carbon dioxide. The oxygen ab- 
sorbed is one of the basic figures in the dead-space determination for oxygen, and 
is calculated from the difference in the oxygen percentages in inspired and in ex- 
pired alveolar air. Since it is necessary to know the percentage of carbon dioxide 
in the sample to obtain the correction required to be added to the percentage of 
oxygen in atmospheric air actually inspired (a procedure necessary because the 
amount of carbon dioxide excreted is less than the volume of oxygen absorbed), 
the error present in the carbon-dioxide estimation is added to that of the oxygen, 


and the amount of oxygen absorbed is unduly large when compared with that 
of carbon dioxide. This error gives a low respiratory quotient in samples of 
alveolar air taken by the Haldane-Priestley method, and since the oxygen dead 
space is computed by the use of the figure for oxygen absorbed, the oxygen dead 
space is larger than the corresponding carbon dioxide dead space. The respira- 
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tory quotients obtained from the analysis of the expired air and from the mean of 
the alveolar air must be equal, as otherwise we should lose carbon dioxide or gain 
oxygen. If such is the case, the mean dead space for carbon dioxide and for 
oxygen must also be equal. 

With the above points in mind, Pearce has attempted to devise a‘ method 
for obtaining the gaseous composition of the alveolar air. He assumes that if an 
expiration of infinite amount could be made and collected, but occupying the time 
of a normal expiration and following a normal inspiration, the total expiration 
would be made up of alveolar air, and the carbon-dioxide and oxygen percentages 
found in it would be the mean present during expiration, for in it the diluting ef- 
fect of the dead-space air would approach zero. An expiration of less than in- 
finite amount, however, would contain atmospheric air from the dead space which 
would reduce the percentage of carbon dioxide in the expired air below the 
average present in the alveolar air. 

Making use of the fact that this reduction is in direct proportion to the 
amounts of alveolar air present in the expiration, it is possible, by comparing 
the percentage gaseous compositions of expirations of different volumes, to 
determine the capacity of the respiratory passages and the mean gaseous com- 
position of the alveolar air. In collecting such expirations, however, the greatest 
care must be taken to see that the expirations, be they large or small, follow a 
normal inspiration, and take the same time as is required for a normal expira- 
tion, and, what is most important, that the same relationship exists between the 
carbon dioxide excreted and the oxygen absorbed as exists in the average nor- 
mal expired air at the time. The method will be fully described in a coming 
issue of this Journal. Making use of the mathematic principle involved, Pearce 
has recalculated data given by Haldane and Douglas and by Haldane which had 
been interpreted as showing a great increase in the capacity of the dead space 
during deep breathing, and fails to find any evidence that this is the case, or that 
there is a difference in the volume of the dead space for oxygen and that for 
carbon dioxide. His results show that the mean percentage composition found 
in the alveolar air by Haldane’s method is from 8 to 13 per cent too high for car- 
bon dioxide, and from 12 to 20 per cent too high for oxygen. These studies con- 
firm the view of Krogh and Lindhard that the dead space is an anatomic entity 
and subject to only relatively small variations. They fail to confirm the views of 
Haldane and Henderson regarding the capacity of the dead space in deep breath- 
ing and the difference in the size of the dead space for carbon dioxide and for 
oxygen. 

BIBLIOGRAPITY. 
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Cutaneous Reactions To Various Drug Applications 


INCE the time to which the memory of man runneth not to the contrary local- 
ized skin lesions, caused by the bites or stings of insects, by contact with poi- 
sonous plants or chemicals, or, occasionally the more generalized forms of cuta- 
neous eruptions, urticaria; etc., have been a matter of interest to the human race. 
Much obscurity has at all times: surrounded-the nature of the processes, or the 
causes, by which a large number of these lesions have been produced. Often no 
etiology could be found, and in these cases the tendency has usually been to ascribe 
the observed lesions to the introduction into the body of some substance, possibly 
of protein nature, which in some more or less obscure manner produced the results 
in question. Various investigators have from time to time taken up this problem, 
and among these the latest have been Sollmann' and Pilcher? at the Western Re- 
serve University Medical School. 

These observers have performed a long and interesting series of experiments 
both on man and on animals. The immediate object was to study the effects of 
iodism on the response to irritants when these substances were applied directly 
to the scarified skin. But in the course of this work so far a number of important 
observations have been made which are not immediately concerned with the ef- 
fects of iodism. Two methods of investigation were used by Sollmann and 
Pilcher. The first consisted in simply scarifying the skin over a small area on 
the inner surface of the forearm after which the drug was applied and gently 
rubbed in for a mmute or so with a glass rod. The technic was similar to that of 
bloodless vaccination. In the second method a very small quantity of dry mucuna 
was gently rubbed on the skin, after which a drop of the solution to be tested was 
applied and rubbed in lightly for about one minute. Mucuna (‘‘cowhage,” 
“cowitch”) consists of the stiff hairs from a leguminous seed-pod. The hairs 
puncture the skin and this leads to considerable itching and probably some rube- 
faction, but no edema. If the solution of an urticarial agent is rubbed on after 
the mucuna, the skin soon begins to swell around each minute puncture, the 
wheals growing rapidly and fusing if they are close together. In later experi- 
ments Sollmann® has scarified the skin by rubbing with sandpaper, carborundum 
stone, or pumice stone, or by puncturing with a needle (Hill’s method*) before 
the drug was applied. In all cases the action of the drug to be studied was con- 
trolled by other areas which were scarified or treated with mucuna, but to which 
no drug solution was applied. 

The positive or negative action of the drugs tested was indicated by the char- 
acter of the skin reaction, those drugs which were practically negative, or entirely 


negative, producing only a few widely separated minute papules, or no papules 


at all. Drugs which were slightly positive produced fairly numerous papules, 
but of small size (2 mm.), which, therefore, did not tend to fuse. Strongly posi- 
tive drugs produced numerous papules of considerable size (up to 3 or 4 mm. 
or larger) which tended to fuse into large wheals. The close resemblance of these 
last lesions to clinical urticaria will be evident at once. These local, endermic, 
drug reactions, therefore furnish an opportunity to study experimentally certain 
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features of the probable nature of urticaria. ‘This condition has often been 
shrouded by a great deal of obscurity regarding both its real etiology and its 
pathology, as well as in respect to any thoroughly scientific and satisfactory mode 
of treatment. A peculiar and significant interest, therefore, attaches to any ex- 
perimental knowledge which may be acquired along these lines. It was found 
by the use of a long series of drugs that the reaction which any given substance 
would produce could not be predicted beforehand, but could only be determined 
by actual test. And in numerous instances wholly unexpected results were ob- 
tained. Since only a small local area of the skin was involved it is obvious that 
generalized systemic reactions through the central nervous system, the digestive 
system, the vascular system, etc., were not concerned, thus eliminating some of 
the obscuring features which are often considered to be involved in the produc- 
tion of clinical urticaria. It is also of interest to note that none of the reactions 
in man or in animals was modified in any way by the administration of iodides. 

It was found that certain drugs which produced urticaria locally were also 
in the group of substances which, in certain individuals, produce it clinically. 
This was especially true for histamine, morphine, and formaldehyde ; and atropine 
should perhaps also be included in the same group. Another group of drugs, 
however, which frequently produce clinical eruptions were found to give, in the 
subjects tested, practically negative results. Among these drugs were the salicy- 
lates (especially aspirin), phenacetin, antipyrine, quinine, turpentine, copaiba, 
santal, chloral, and arsenic. Possibly in certain individuals some of these drugs 
might also produce reactions in the nature of urticaria when they were applied to 
the scarified skin. This point is well worth trying out clinically. Other drugs 
which also produced urticaria were calcium chloride (10 per cent solution), urea 
(strong solution), peptone, phenyl-ethylamine, urethane, etc. It was especially 
significant that the six most active drugs in the entire series had practically noth- 
ing in common, either chemically or pharmacologically and the reaction could 


only be determined by actual trial. On the other hand there was a rather fre- 


quent, but generally feeble, urticarigenic action shown by substances containing 


the NH, group. But there were many exceptions, and those did not seem to 


bear any relation to the chemic structure. 

The authors adduced evidence that these localized lesions, which usually 
lasted from a few minutes up to one or two hours, were not due to a localized 
acidosis, to osmosis, to local vasoconstriction nor to vasodilatation. Nor was 
sensory irritation the cause, for neither veratrine nor aconite produced the lesions. 
Inflammatory irritation in general was not the cause, for urticaria was not 
produced by such irritants as mustard, cantharides, alcohol, saponin, acids, al- 
kalis, metals, etc. Capillary poisons, such as arsenic or uranium, do not produce 
urticaria, at least in acute experiments. Nor does it appear that altered water 
affinity or altered patency of the lymph channels could cause the phenomena. It 
seems possible, however, that a specific increased permeability of the capillary or 
lymph vessels may be concerned. Several distinct groups of sensory actions were 
distinguishable, such as the itching of the urticarial agents, the smarting and 
burning of the simple irritants, the formication of aconite, and the lancinating 


pain of veratrine. 
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The rapidity of the formation of these lesions and their brief duration are 
in striking contrast to the phenomena observed recently by a considerable num- 
ber of observers’ in England. In these instances many persons became afflicted 
with skin lesions over the hands, face, feet, or rarely on other parts, as a result 
of coming in contact with a yellowish powder contained in, or attached to, bombs 
which had been dropped during aeroplane attacks on the various localities. In 
some cases contact with the fumes or vapors in the immediate neighborhood of 
a bomb explosion appeared sufficient to cause the lesions. The yellowish powder 
appeared to resemble picric acid, while the skin lesions bore a considerable re- 
semblance to those produced by trinitrotoluene. It appears probable, however, 
the powder is hexa-nitro-diphenyl-amine. 

The cutaneous lesions consisted of a peculiar form of dermatitis which had 
a latent period varying from four or five up to about nine days from the time 
of the exposure. The great majority of the cases developed on about the eighth 
day. From about the first day after the exposure a deep yellowish or orange 
discoloration of the skin appeared, usually most marked on the hands. A ma- 
jority of the patients were soldiers who had been engaged in digging unex- 
ploded bombs out of the ground into which they sank six or seven feet some- 
times. Thus the hands were especially exposed. The orange staining of the 
hands, face, feet, etc., came on the next day, and about five or six days later the 
eruption began. The staining persisted, but the hands became swollen, inflamed 
and edematous, the skin felt hot and tense and there were deep-seated vesicles 
between the fingers and on the dorsum. In many cases there was intense itch- 
ing and irritation which was usually worse on the hands. One observer noted 
that after five weeks the staining on the face and feet had disappeared, but the 
hands were then peeling off, the flakes being stained and thickened. The new 
skin under the flakes was tender and red. Constitutionally there were no out- 
standing symptoms, but there was a slight nausea® and anorexia, with some 
alteration of the taste which was compared to the sensation noticed when chew- 
ing tobacco. In other cases the eruption’ reached its acme in four to five days 
after the vesicles began to appear. There was no inflammatory redness but only 
the clear “sagograin” vesicles, characteristic of cheiropompholyx, which ap- 
peared deeply under the thick epidermis, rapidly enlarged and ran together 
to form large blebs, in some instances as large as a hen’s egg. These vesicles, 
large and small, covered the palmar surface and sides of the hands and fingers 
and the interdigital spaces in all cases, and in two-thirds of the cases similarly 
affected the soles and toes. In some of these cases the backs of the hands and 
feet were swollen, but other parts of the skin were not involved. In the course 
of a week most of the vesicles had dried, and the horny layer was beginning to 
separate and to leave a new, pink, healthy epidermis. All these patients suffered 
severe pain, so severe that they were kept awake at night by it. In none of the 
cases was there suppuration, and this perhaps was due to the treatment which 
consisted in soaking the hands and feet for half an hour several times a day in 
hot water. This also eased the pain. After the soaking calamine* lotion was ap- 


plied. 
. 
These cases suggest that the eruption known as pompholyx, dysidrosis, or 
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cheiropompholyx, and which has generally been regarded as due to irritation 
from toxic sweat, and to be in some way associated with debility from nerv- 
ous or other influences, may in reality be due to some external poison® which 
gets into the sweat pores and there produces irritation. Thus we may be deal- 
ing here again with another of the peculiar and obscure ways in which drugs 
may affect living tissues, often with the most striking resemblance to the effects 


produced by disease. 
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Lymphocytes and Tuberculosis 


DIAGNOSTIC test of value for the earlier detection—two weeks instead 
of a possible six—of tubercle bacilli in urine (or in sputum when unre- 

vealed by the microscope) has been introduced by Morton and Murphy’ and quite 
recently confirmed by McGrath.* 

This test is one of the first practical results to emanate from the long studies 
which have been followed on the relationship of the lymphocytes to tuberculous 
infection. 

Murphy and Ellis,® in 1914, showed that white mice submitted to x-ray ex- 
posure became less resistant to the inoculation of bovine tubercle bacilli. They 
argued that the destruction of the lymphocyte elements (12,000 white corpuscles 
of which 40 per cent were lymphocytes were reduced to 4,000 at the expense of 
the lymphocytes) accounted for the lowered resistance of the mice to tubercle 
infection. 

Bartel* was one of the first investigators to call attention to the defensive 
action of the lymphocyte to tubercle infection although almost constant presence 
of the lymphocytes in tubercle formation had long been known. Opie’s® investi-_ 
gations also suggested the importance of the lymphocyte defense. Marie and 
Fiessinger® made the discovery that the lymphocytes contain a ferment (lympholi- 
pase) capable of splitting wax and fat into glycerine and fatty acid. Since 30 
per cent by weight of the body of the tubercle bacilli is composed of waxy sub- 
stance, the bearing of the lympholipase can be understood. 

It would appear that the effect of x-ray exposure on an animal would de- 
pend upon the dosage administered. Small doses will stimulate the production 
of more lymphocytes, whereas large doses or frequently repeated x-ray exposures 


will reduce and destroy the lymphocytes. 
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The injections of urine suspected of containing tubercle bacilli must be made 
into the peritoneal cavity and not subcutaneously because in the former situation 
the few bacilli present will probably multiply more quickly and before the re- 
sponse of lymphocyte proliferation which is apt to follow the lymphocyte destruc- 
tion. Experiments will, no doubt, be carried on to find out whether the x-ray 
in small repeated doses can increase the resistance of laboratory animals to tuber- 
cle infection. Webb and Williams,” * following their discovery of the increased 
production of lymphocytes at a high altitude, were able to show that artificial 
hyperemia of the marrow in rabbits would cause a decided lymphocytosis and 


also an increased protection to bovine tubercle infection. 
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The Paraffin Wax, or Closed, Method of Treatment of Burns 
R. WILLIAM O’NEILL SHERMANN, of Pittsburgh, Pa., has reported 


to the National Research Council the results of his experiments in the treat- 
ment of burns. An abstract of his report may be stated as follows: 

Sixteen years ago in China, Barthe de Sandfort first applied paraffin wax 
in the treatment of burns. The results were so satisfactory that he finally placed 
on the market, a paraffin preparation under the trade-name of Ambrine. Five 
years ago, this preparation was introduced into the United States, but received 
no encouragement. It was not until the present war that de Sandfort had the 
opportunity of treating a large number of cases. The method of treatment now 
adopted is as follows: 

All burns, regardless of character, are entirely dried and an air-tight coating 
of paraffin wax is applied to the burned area and extends over the adjoining skin 
for about one inch. A thin layer of cotton is then applied to the first film of 
paraffin and a second application made. All burns are redressed once in twenty- ‘ 
four hours. This method does not provide any specific curative medical sub- 
stances, but acts altogether mechanically. The first cotton dressing is a non- 
adhesive shell which excludes the air. Ambrine is a neutral paraffin made of 
beeswax and a resin. It is a secret preparation. In this country there are at pres- 
ent many imitations including Cerelene, Parresine, Redintol, Stanolind, Mulene, 
Parowax, Hull’s Formula No. 7, de Arcy Power’s Formula, etc. Shermann finds 
the first three of the above mentioned substances superior to the others. Cerelene 
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is made in three forms: A, plain wax; B, beeswax with nine hundredths per cent 
picric acid; C, beeswax with two per cent of oil of eucalyptus. The advantage 
of Cerelene over Ambrine and Parresine is that it contains enough beeswax to 
dissolve picric acid and the other mentioned substances. Paraffin is not as flex- 
ible or ductile as Ambrine or Cerelene, which also contains a small amount of acid. 
Redintol is chiefly paraffin with a small amount of resin and has very much the 
same physical and chemical properties as paraffin. Shermann recommends that the 
wax be applied to the burn with an atomizer, and he states that the atomizer 
manufactured by Harvey R. Pierce, Chestnut Street, Philadelphia, is the best that 
has come to his hand. 

The details of the treatment are stated as follows: 
the hospital the clothing is removed; blebs are punctured, but not excised, and 
the entire area entirely dried with a Shelton electric hot-air draft, or a Hamilton- 
Page fan, so that there is no moisture left on the surface. An electric fan, or 
even a common fan may be used. The wax is applitd to the burn at the earliest 
possible opportunity either with a fine varnish brush or an atomizer. It is dif- 
ficult to regulate the temperature when the brush is used, besides the application 
with a brush is more or less painful and there is a tendency to brush away and 
injure the new epithelium and granulations. If a brush is used, the wax should be 
gently dabbed on without pressing: to and fro painting movements are painful 
and should never be used. The wax can be sprayed on with an atomizer without 
pain or discomfort, and can be more evenly distributed. The atomizer is doubly 
jacketed—a jacket keeping the wax liquid for thirty minutes after it has been 
heated, and it may be sprayed either with a handle, a compressed-air pump, or air 
tank. The wax is placed in the atomizer and it, in turn, placed either in an auto- 
claving sterilizer, or on a hot plate. Usually ten minutes’ boiling is sufficient to 
bring the wax to a proper liquid state. One must be careful to prevent the 
splashing of water into the wax. A properly prepared wax, free from water, 
can be applied to a burn or granulating tissue at 150° F. without danger of pain 
or burning. If the wax comes in contact with water, it is more or less uncom- 
fortable to the patient, and the wax does not adhere to the granulations as tightly 


When the patient enters 


as it should. 
For the first two or three weeks, or until the granulated area shows a minimum 


of wound secretion, the dressing should be changed every twenty-four hours ; be- 
cause in the early stages of the wound, there is rapid sloughing and separation of 
the tissues. This seropurulent liquid gently lifts the wax from the wound, so that 
it does not adhere to the tissue and frequently the fluid escapes from the edges 
of the dressing. The wax shell is easily and painlessly removed by lifting it from 
the edges, or by making an incision with scissors and then gently peeling it 
off. The wound will be found to be freely bathed with lymph and purulent secre- 
tion in the early stages and this may be of offensive odor. The wound is then 
gently cleaned with a mild antiseptic solution. Cotton balls may be used to wipe 
away the secretion, or an atomizer may be used. After the wound has been thor- 
oughly cleaned, the wax is applied as in the original dressing. 

At the first dressing, burns should not be scrubbed with antiseptic solutions, 
nor should such solutions be used in cleaning while redressing. Saline solution, 
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picric acid and solutions of chlorazene may be used in cleaning. In third and 
fourth degree burns with great loss of tissue, granulations should be sterilized by 
the Carrel-Dakin method and skin grafted at the earliest possible opportunity. 
The advantages for the paraffin wax treatment of burns are stated as follows: 

1. Relief from pain to a great degree. 

2. Cleaner and more comfortable. 

3. Fewer scars and contractions. 

4. Skin grafting rarely necessary. 

5. More rapid healing. 

6. Superior in every way to methods commonly used. 


The Fate of the Erythrocytes 


HE length of life of the red blood cell is unknown. There is no question, 

however, that every erythrocyte must sooner or later undergo disintegra- 
tion, a process which is thought to be ushered in by the injection of the red cell 
by a phagocyte in the spleen or in the hemolymph glands. The hemoglobin of 
the disintegrated cell is set free and carried to the liver, where it is broken up 
into hematin, which the body stores for future use, and into bile pigments which 
are excreted. This is the current explanation of the physiology of normal blood 
destruction. It is simple and plausible, but recent work fails to confirm the 
above theory. 

Rous and Robertson’ have examined by special methods the spleens of a 
variety of animals, and have failed to find evidence to confirm the belief that 
phagocytic destruction of the erythrocytes occurs in all animals to an extent 
sufficient to account for the normal destruction of blood cells. Especially is this 
the case in man, in the rhesus monkey, and in the cat. Seeking for extracellular 
means of cell destruction, these investigators have found that prolonged per- 
fusion of the spleen and liver, and other organs to a more limited extent. with 
defibrinated blood or Locke’s solution, causes cells to appear in the perfusate 
which resemble red blood cells which have lost their hemoglobin. They have 
found similar bodies in the blood of patients with pernicious anemia and con- 
genital hemolytic jaundice. Nevertheless, histologic evidence together with the 
fact that no such blood cells occur when the perfusion is carried on for a limited 
time, lead them to conclude that these bodies do not represent hemolysed blood 
cells, but rather tissue cells. In the anemias, however, they believe that prob- 
ably the bodies arise from hemolysed blood cells. From this they conclude that 
normally hemolysis can not play an important role in destroying the erythrocyte. 
They have found another and unsuspected method for blood destruction in all 
animals thus far studied; namely, the disintegration of the blood cells by frag- 
mentation, while they are circulating, without loss of their hemoglobin. These 
fragmented cells are found most numerous in the spleen. By selective staining, 
the authors have been able to prove that this fragmentation is not the result of 
phagocytic activity. They also succeeded in increasing the number of fragmented 
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forms by rendering the animals plethoric by transfusions, or anemic by hemor- 
rhage. They believe that the small ill-formed cells known as microcytes and 
poikilocytes, observed in severe anemias, are due to the fact that the marrow 
in its anemic condition is not able to produce a resistant erythrocyte, and frag- 
mentation, therefore, takes place easily. A similar condition may exist in the 
severe anemias of man and account for the general high resistance in the red 
cells found in these patients in as much as weak cells are generally fragmented 
very soon after they are formed. 

These authors point out that Ehrlich stated long ago that the microcytes 
and poikilocytes of anemia result from fragmentation of the circulating blood, 
but he believed that this fragmentation was a purposeful division in order to 
increase the total surface of the red cells. The ultimate fate of the red cell 
fragments is not known. It is reasonable to suppose that the broken bits con- 
taining hemoglobin are transformed into hematin and bile pigments. It is gener- 
ally thought that the bile pigments serve as an index to blood destruction. How- 
ever, the extensive studies of Hooper and Whipple? in the metabolism of the bile 
pigments have thrown new light on this question. Their experiments show that 
the bile pigments arise in part at least, from pigments which the liver has made 
in excess of its needs for the making of hemoglobin, and since it is not needed it 
is excreted. If this be the case, bile pigments are not a reliable index to blood 
destruction. 
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Tuberculosis, Cancer, and X-Ray 


N 1914, Lewis and Margot’ published the observation that mice experimentally 

infected with bovine tubercle bacilli developed splenic enlargement. They 
also observed that animals splenectomized three weeks before infection with 
tubercle bacilli were more resistant than normal animals. In the same year, 
Murphy and Ellis? stated their belief in the conception that the lymphocyte is 
an important factor in resistance to tuberculous infection. In an unpublished 
study, Lang and Murphy,* studying the blood changes following splenectomy, 
showed that immediately after splenectomy the total lymphocyte count falls, 
but that it then commences to rise until by the nineteenth to the twenty-first day, 
75 per cent of the animals (50 mice) showed an average increase of 11,000 
lymphocytes per c.mm.,—a gain of 100 per cent above the normal count. They 
thought it probable that the lymphocytosis might be a factor in causing the 
greater resistance displayed by the splenectomized animals. A recent series of 
experiments confirms this view.t These experiments showed that mice splenec- 
tomized and then exposed to repeated small doses of x-ray, which affects pri- 
marily the lymphoid organs,> were more susceptible to infection than normal 
animals, or animals which had only been splenectomized. Also, Morton® has 
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observed that x-rayed guinea pigs are more susceptible to infection with the 
human type of tubercle bacilli than normal animals. 

The recent experiments reported by Taylor and Murphy* also attack the 
problem in another way. Murphy and Morton’ had previously shown that mice 
previously immunized against, and then inoculated with, a transplantable mouse 
carcinoma, develop a marked lymphocytic reaction which lasts several weeks. 
They, therefore, used such cancer immune animals and inoculated them with 
tuberculosis, with the .result that they showed a greater resistance to bovine 
tuberculosis than controls. On the other hand, if in cancer immune mice the 
lymphocytosis is prevented or removed by x-rays, the resistance to tuberculosis 
is removed. 

Taylor and Murphy say that they did not undertake the experiments with 
the idea of establishing a relationship between cancer and tuberculosis, although 
it has been believed that an antagonism between the two exists. Their experi- 
ments, however, suggest the basis for the popularized belief, which is probably 
based upon exceptional cases in which the two diseases have coexisted. 

The interesting fact seems to be that in both tuberculosis and cancer the 
lymphoid tissue of the body may be a determining factor in resistance and yet 
the modus operandi involved may be absolutely different.® 
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BUCK’S EXTENSION 


IMPROVED MODEL No. 6 


TRADE MARK 


— 


This is the greatest Utility Surgical Appliance of the 
age. It serves all purposes where attachment to bed 
for patient is required. It can be quickly adjusted, 
and gives the maximum efficiency in producing desired 


results. 


It saves hundreds of dollars of expense, especially 
in the equipping of new hospitals. 


The illustration shows one of the many ways in which 
the Eveready Buck’s Extension can be used. 


Write for illustrated catalogue to 
J. R. SEEBRANDT, OF 
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A New Book for You 


Fats and Fatty 
Degeneration 


A Physico-Chemical Study of Emulsions and 
the Normal and Abnormal Distribution of 
Fat in Protoplasm. 

By Dr. Martin H. Fischer 
Eichberg Professor of Physiology in the 
University of Cincinnati, and Dr. Marian 
QO. Hooker, Instructor in Physiology in 
the University of Cincinnati. 


In referring to this book the Medical World 


said: 
“The authors have presented 
in this volume a particularly 
interesting detailed study of 
the question of fat in the 
cells.” 


It presents the fundamental principles cov- 
ering the making, the maintenance and the 
destruction of the emulsions, and will be of 
direct interest, not only to the theoretical 
and practical chemist, but to those who deal 
daily with such emulsion problems as are 
seen in dairying, butter and cheese manu- 
facture, the preparation of various food 
products, the manufacture of emulsions for 
pharmaceutical and technical purposes, etc. 


This book is written in so simple a style that 
it can be followed easily even by non-experts 
in the various fields into which it penetrates. 


Have a copy sent for free examination—no 
cash in advance. Sign and mail the coupon 
today. 


Free Examination Offer 


John Wiley & Sons, Inc., 

132 Fourth Ave., N. Y. City. 
Gentlemen:— 

Please send me for 10 days free exami- 
nation a copy of Fischer’s “Fats and Fatty 
Degeneration.” It is understood that I am 
to remit the price of this book within 10 
days after its receipt, or return it, postpaid, 
within that time. 


Name 
Address _- 


Note: The above privilege is extended to physicians. 
If you are not a physician kindly indicate your posi- 
tion or give a reference on the line below. 
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If not, you should at once investigate 


collodion. 


with results equal—and even superior—to those 
of the European product now unobtainable as 


sale drug house. 


Dept. 617, Equitable Building, New York City 


Is it enabling you to make 
clear-cut sections without the 
slightest distortion? 


PARLODIORN 


shredded form of the purest concentrated 


Many laboratory workers are using Parlodion 


consequence of the war. 
Parlodion is non-explosive, keeps indefinitely 


under proper care, and makes a perfectly clear 
and transparent medium that assures the pre- 
servation of every color and shade of the 
embedded tissue. 


Parlodion may be obtained from your whole- 
Price $1.00 per ounce. 


For further data as to the practical advantages 
afforded by Pariodion, address 


Du Pont Chemical Works, 


KALMERID CATGUT| 


A Physrologically Correct 


ermicidal Suture 


Brooklyn, N.¥, USA. 


Bound Volumes) 


copy will be paid for extra copies of the 
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cloth-bound volume, free of any advertising 
of Volume I, with name stamped on_ back- 
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LOWEST HOTEL RATES INNEW YORK 
ACCOMMODATIONS BETTER | 
THAN RATES INDICATE 


Broadway Central Hotel 


Midway between Battery and Central Park 
(Broadway at 3rd Street) 
CAPACITY 1000 GUESTS 
NOW THOROUGHLY RENOVATED 
ALSO MODERN IMPROVEMENTS. 


HOTEL TULLER 


| DETROIT, MICH. 


Center of business on Grand Circus Park. Take» 
Woodward car, get off at Adams Avenue. 


— 


250 Cheerful Rooms, Free use of Bath. $1.00 


ABSOLUTELY FIREPROOF 100 Cheerful Rooms, Free use of Bath. 1.50 
SPACIOUS SAMPLE AND SHOW ROOMS 
“ 5.00" ADAPTED FOR 

& ALL ABSOLUTELY QUIET J JAY G. WILBRAHAM. 


The 


‘tow 1 HOTEL MARTINIQUE 


Broadway, 32d Street, New York 


One Block from Pennsylvania Station 


Equally Convenient for Amusements, 
Shopping or Business. 


157 Pleasant Rooms, with Private Bath, 


$2.50 PER DAY 


257 Excellent Rooms, with Private Bath, 
facing street, southern exposure, 


$3.00 PER DAY 


The Restaurant Prices Are Also Attractive | 
400 Baths Most Moderate. Rooms from $1.50. 


600 Rooms | 
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The October Number will be a Special One on Surgery and will con- 7 
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‘*A Case of Melanocarcinoma Showing Its Stealthy and Rapidly Malignant Course,’’ 
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A MANUAL OF 
Practical Laboratory Diagnosis 


By LEWIS WEBB HILL, M.D. 


‘*Tt has seemed to the Author for a long time that all the worth-while 
laboratory tests that a practical medical man needs could be put together in 
a small and compact volume.’’—From the Author’s Preface. 

The work is divided into Eight Chapters, dealing respectively with The 
Urine—The Blood—The Feces—Gastric Contents—Spinal Fluids—Pleural 
and Peritoneal Fluids—The Sputum and Miscellaneous Topics, such as the 
Gram Stain, the stain for Spirocheta Pallida, the Schick test, the von 
Pirquet test, Tables of Gram positive and Gram negative organisms, and 
of Diseases in which Leucocytosis is present or absent. 

Eleven Figures and Eight Plates, Four of which are colored, illustrate 
the Text. To provide for notes, the text is printed upon alternate pages. 
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‘*There must be many physicians who have been waiting 
for just such a book as this.’’—New York Medical Journal. 


Price, postpaid, ONE DOLLAR AND A HALF 
W. M. LEONARD, Publisher, - - 


Boston 


| THE AMERICAN REVIEW OF TUBERCULOSIS | 


NEW MONTHLY PUBLICATION for 
those interested in laboratory and clinical 
medicine. 

Its purpose is the dissemination of the latest 
scientific aspects of tuberculosis by means of 
original articles, notes and abstracts. 

The REVIEW aims to give you the best 
thought in the field of tuberculosis. 


Only Medical Journal of Tuberculosis on English or American 
Continent 


: 
EDITORIAL STAFF Subscription Price, $3.00 per Year 
Edward R. Baldwin, Saranac Lake, N. Y. : 
Editor-in-Chief ? 
Allen K. Krause, Baltimore, Md. 
Managing Editor 
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ADVERTISEMENTS 


THE SAN ELIZARIO SANATORIUM 


THE PAGET RANCH 
FOR THE CARE AND SCIENTIFIC TREATMENT OF THE TUBERCULOUS 
DR. GEO. P. STOKER, Medical Director 


I[E San Elizario Sanatorium is located at the historic old town of San Elizario, twenty miles down 
the valley from E1] Paso, far enough out to be away from the heat, noise, smoke and dust of the 
city, yet close enough to be in daily touch with the outside world. Telephone connection direct 

with El Paso and the outside world, telegraph station two miles away at Clint, with paved roads up 
and down the valley for many miles, The Texas & ‘Pacific and the Southern Pacific Railroads touch 
at Clint several times daily, just two miles away. 

The winter climate is unusually mild and free from sudden changes and severe cold, while the 
summer is delightfully cool and invigorating. 

The Sanatorium building is a two-story fireproof structure, built on the quaint old Spanish style, 
surrounded by orchards, trees and lawn, which, with its bright and cheerful interior and old Spanish 
patio, with its flowers and trees, eliminate the usual depressing sanitarium effect. 

Every room is an outside room, opening on screened sleeping porches, verandas and patio. 
Rooms are equipped with hot and cold water, electric lights, call bells, etc. ‘While ¢ach room has not 
a private bath, there are seven well equipped modern bath and dressing rooms available to the patients. 


THE TABLE: 


The table is supplied with fresh milk, butter, chickens, eggs, rabbits, squabs, fruits and veg 
etables of the Sanitarium’s own raising. 


ATTENTION AND RATES 


Close personal attention is given each patient, both by the physician in charge and by trained 
nurses. Rates are $18.00 per week and up, with no extra charge for medicines. 


The Sanatorium is reached from the railroad station, Clint, or by automobile from EE] Paso, 
of which there are two daily. 


For further information address DR. GEO. P. STOKER, San Elizario, Texas 


A Serviceable Urinary Test Case 
AT A REDUCED Lt 


This case contains in compact and convenient form all the apparatus and appliance 
needed for Urinary Analysis. It is made of sea- 
soned oak, well finished and opens as 
shown in cut. One 
side is arranged to hold 
Test Tubes, Large Fun- 
nel, etc.; the other, Urinom- 
eters, small Funnel, Beak- 
ers, etc. Eight Reagent 
Bottles (filled and labeled) are 
arranged in back of case. A 
drawer beneath is fer Litmus 
Paper, Stirring Rods, etc. 


——THE CASE CONTAINS 

Pine 8 Reagent Bottles 1 Evaporating Dish, Porcelain ] Urinometer E 

7 M - Glass Funnels 2 Evuporating Dishes, Glass 1 Graduated Pipette 
Boston, Mass 1 Alcohol Lamp 14 Assorted Test Tubes 1 Filter 
1 Test Tube Holder Litmus Paper 


Send me _ information So arranged that each article is ready for immediate use when the case is opened 


concerning your $6.00 uri- 
nary test case as advertised 
in Jour. Lab. & Clin. Med. 


170 Boylston Strect - Boston, Mass., U.S. A. 


Price, complete, $6.00 net 
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Hk therapeutic measures developed, or made 
> conspicuous so far by the war are two: the 
y antiseptic treatment of wounds by the lib- 
eration of chlorine, made famous by Carrel and 
Dakin, and the protection of burned or denuded 


surfaces by films of wax-like material. An outstanding sanitary triumph 


has been the development, by Dakin and Dunham, of a chlorine-carrying 
tablet known as Halazone for the sterilization of contaminated water. 

One of the most important medical developments coming out of the war is Chlora- 
zene, Dakin’s new Antiseptic. This powerful antiseptic, many times more efficient than 
phenol, is practically non-toxic, non-caustic, and does not coagulate the albumen of the 
tissues. It is less irritating and more stable than Dakin’s Hypochlorite Selution. The 
uses of Chlorazene in surgery and general practice are legion. Chlorazene Surgical 
Cream and Chlorazene Surgical Dusting Powder have also met with remarkable success. 

Both Chlorazene and Parresine, the improved, non-secret wax dressing for burns, 
have been accepted by the Council on Pharmacy and Chemistry of the American Medical 
Association, and have been adopted for use in the United States Navy. 


The Abbott Laboratories are supplying to the medical profession in this country 


these products which are now being used with such notable suecess in the war 


INTRODUCTORY OFFER 
Good in the United States Only 
To physicians and pharmacists we will send for $1.40, cash with order, delivery 
charges prepaid, 100 tablets of Chlorazene and one full-size half-pound cake of Par- 
resine with full directions for use. One hundred of the new Dakin-Dunham water 
sterilization tablets, known as Halazone, will be included for an additional 25 cents. 
One tablet sterilizes one quart of water and does not affect the taste. 


hospitals of Europe. 


Prices and literature on Dakin’s new and powerful oil-soluble germicide, Dichlora- 
mine-T, und its solvents, Chlorinated Eucalyptol, Dakin, and Chlorinated Paraffin 
Oil, Dakin, will be sent on request. These products have just been placed on the 
market. Please mention this journel. 


THE ABBOTT LABORATORIES 


SEATTLE SAN FRANCISCO LOS ANGELES TORONTO BOMBAY 
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ADVERTISEMENTS 


Books on Infant Feeding and Diseases of Children 


Infant Feeding 


The author has reduced the question of proper infant feeding to its simplest pos- 
sible terms and has placed it on an intelligible basis for the general practitioner. 
In so reducing and clarifying it, he has sacrificed no important material and has 
omitted no essential facts. The mode of presentation is new. There is an excellent 
chapter on the stools in infancy by Dr. John Lovett Morse. 

ty Lawrence T. Royster, M.D., Attending Physician Bonney Home for Girls and Foundling 


Ward of the Norfolk Society for the Prevention of Cruelty to Children, Physician-in-Charge 
of King’s Daughters’ Visiting Nurse Clinic for Sick Babies. 144 pp., illustrated. Cloth. .$1.25 


Diet and Disease in Infancy 


It is a work that will be found of great help to every physician who is called upon 
to give advice where the subject of feeding babies is concerned. The colored plates 
are especially valuable. 

By Hector Cartes Cameron, M.D., F.R.C.P., Assistant Physician in charge of Department 
for Diseases of Children, Guy’s Hospital, London. 208 pp., with 4 colored plates and 13 ‘text 


Diseases of Children 


This excellent volume is a thorough exposition of the subject of diseases of children 
from the newborn onward. The various subdivisions, such as milk modification, 
examination of infants, various diseases, etc., are given in full. Altogether it con- 
stitutes a work on modern pediatrics that will be appreciated by its readers. 

By Henry Enos Tutty, M.D., Professor of Obstetrics, University of Louisville Medical De- 
partment; visiting Physician Masonic Widows’ and Orphans’ Home, Louisville, Ky. Second 
edition. 680 pp., 100 illustrations and 3 colored plates. Cloth. $5.50 


Golden Rules of Pediatrics 


The mode of expression will appeal to many busy practitioners, as it sets forth in 


a forcible, pithy manner the salient points and the reby emphasizes them in a way 
that causes them to stay in one’s mind. 


By Joun Zanorsky, A.B., M.D., Clinical Professor of Pediatrics, Medical eC ae 
Washington University, St. Louis. 248 pp. Third revised edition. Cloth... .$2.25 


The above mentioned books will form a valuable reference library to any 
one interested in pediatrics, and especially in the important subject of 
infant feeding. You need not write—just indicate with an (X) those 


books you would like to look over and mail the coupon, but do a ae 
it today. sy JOUR. 

«© 

4 

/ Co., 
St. Louis. 

Gentlemen: 
Mosby Medical Publishers Please send the 
“a books which I have 


checked (X), for 
» which I enclose my 
of check, or you may charge 
to my account. 

Pars Royster: Inf. Feeding. .$1.25 
, Cameron: Diet in Infancy 2.50 
/ Tuley: Dis. of Children... 5.50 
/ ‘ Zahorsky: Pediatrics....... 2.25 


801-807 Metropolitan Building, St. Louis, U. S. A. 
Canadian Agency : 
McAinsh & Co., Ltd., Toronto, Canada 


Send for Complete Catalogue 
of Medical Books 
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Stanolind 


Trade Mark Reg. U S. l’at. Of. 


Liquid Before 


Paraffin 
( )peration 


Colorless Stanolind Liquid Paraffin is an ideal 


laxative for surgical practice. 


When used in the proper dose, it 
thoroughly empties the alimentary 
canal, without producing irritation 
or other undesirable effects. 


It is particularly valuable in intes- 
tinal surgery, because it leaves the 
stomach and bowels in a quiet state, 
and because its use is not followed 
by an increased tendency to con- 
stipation. 


After an abdominal operation, one 
or two ounces of Stanolind Liquid 
Parafin may be given through a 
tube while the patient is still under 
the anaesthetic, or as an emulsion, 
an hour or two later. 


Stanolind Liquid Paraffin is essen- 
tially b/and in its action, causing a 
minimum amount of irritation while 
in stomach or intestine. It may 
also in most cases be gradually re- 
duced without apparently affecting 
the frequency of the evacuations. 


A trial quantity with informative booklet 
will be sent on request. 


Standard Oil Company 


(indiana) 
72 West Adams Street 


Chicago, U.S. A. 
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LEDERLE’S POLLEN VACCINE 


in the Prophylaxis and Treatment of 


HAY-FEVER 


In 1915, LEDERLE’S POLLEN VACCINE was used by over 600 

physicians for the prophylaxis and treatment of hay-fever. 

- Acclinical history blank was submitted to each physician 
and the results of the collected data are as follows: 


1. Favorable results followed as a prophylactic against 
hay-fever in 83 per cent of the cases. 
2. In the treatment of hay-fever favorable results followed 
in 89 per cent of the cases. 
3. Marked asthmatic wage were associated with 55 per 
. cent of the cases. he symptoms were relieved in 
84.2 per cent of these cases. 


During 1916, LEDERLE’S POLLEN VACCINE was employed 
by over 1500 physicians with the following results: | 
1. Favorable results followed as a prophylactic in 80 per 
cent of the cases. 
In the treatment of hay-fever favorable results were 
obtained in 91.7 per cent of the cases. 
Marked asthmatic symptoms were associated with 53. 


= cent of the cases. These symptoms were success- 
lly relieved in 78.5 per cent of the cases. 


LEDERLE’S POLLEN VACCINE was used with favorable re- _ 
sults in 40 states of the Union; from Maineto California; 
and as far away as Porto Rico. 


The above results in oe Brophy ini of hay-fever are based on 
the use of LEDE ’"S POLLEN VACCINE according. to 


our original recommendation of 15 doses for the complete 
treatment. 


2. 
3. 


Literature will be sent to 
any physician upon request 


Lederle Antitoxin Laboratories 
Schieffelin & Co., Distributors _ 
NEW YORK 
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The Freas’ Electric Incubator 


Approved by the National Board of Fire Underwriters 


Universally recognized as the most accurate and durable incubator 
available, and the only type that can be depended upon for continuous 
unattended operation. Made in Six Sizes 


The undermentioned advantages of the Freas’ Electric Incubator 
strongly recommend its use—where electricity is available—in prefer- 


ence to any other incubator. 


1. The almost perfect insulation against loss of heat by radiation cuts down the current 
consumption to about one-half that required for other forms. This implies less heat- 
ing up of the laboratory, less strain on the wiring, less danger of sparking, and in 
general longer and more satisfactory service. 

2. The ‘‘all-metal’’ regulating device main- 
tains constant temperature indefinitely to 
a fraction of a degree. 


3. To set for the temperature desired re- 
quires but a few moments of time. This 
is accomplished by simply turning a 
milled-head serew, which moves the in- 
dicator up or down the graduated tem- 
perature scale. 


Contrast this with the time required to 
set @ mercury or other regulator of the 
most advanced type; the continuous 
watching required on account of the 
uncertainty of its proper and accurate 
regulation. 

4. There are no complicated devices for 
heating, regulation, etc. The rugged con- 
eubator is such that, with ordinary care, 
no parts are liable to get out of order. 


5. Water is not required, nor employed, to 
maintain an even temperature through- 
out the chamber, thereby eliminating 

a disadvantage so common with Bee oar The specifications ex- 
plain the reasons for this advantage of the * Ineubator. 


6. No auxiliary devices are needed. To operate, it is only necessary to screw the plug 
into a — socket, and turn on the current. The ineubator will operate on either 


direct or alternating current. When ordering, specify the voltage. 
Write for descriptive booklet 


EIMER & AMEND 


FOUNDED 181 


Headquarters for Bacteriological, Educational and Industrial Laboratory Supplies 


NEW YORK CITY PITTSBURGH, PA. 
205-211 Third Avenue 2011 Jenkins-Arcade Bidg. 


48 Sparks St., OTTAWA, CANADA 
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